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INTRODUCTION 

For several years it has been recognized that the potato leaf hopper 
(Empoasca fabae Harris) causes serious damage to potatoes and that 
the same insect, earlier described as apple leaf hopper (Empoasca mali 
Le B.), may be an important pest of apples, beans, and other crops. 
For years it was assumed that the injury produced by the leaf hopper 
was merely a mechanical one resulting from puncture of the plant 
tissue and extraction of food materials, similar to that occurring 
during a heavy infestation of aphids or other sucking insects. The 
observations reported by Ball (/),‘ and by others since the time of his 
publication, have indicated, however, that the burning produced by 
the potato leaf hopper must be due to something more than punctures 
and depletion of plant food or water. 

The phases of the problem involving studies of the plant in its 
response to attacks by this insect, of the pathological symptoms on 
various hosts, of the actual cause of the disturbance within the plant, 
of the varietal differences in degree of susceptibility, and the like 
have been little studied since Ball definitely attributed tipburn or 
“hopper burn” to this species of leaf hopper. The work here re- 
ported in no sense solves any of these problems. Its purpose is 
chiefly to call attention to the damage caused by this insect to an 
important group of cultivated plants, to pathological conditions 
other than tip and marginal burning, and to indicate further the lack 
of knowledge as to the nature of the injury to plants caused during 
or following the feeding of Empoasra fabae. 

The injuries to clover associated with leaf hoppers have been 
observed practically all through the clover belt of this country. The 
vellow top or “‘yellows”’ of alfalfa is also common in the same area. 
No information is available as to how serious and widespread the 
leaf-hopper injury to forage crops may be in the western section of 
this country and in places outside the boundaries of the United States. 
In the far Western States these injuries are apparently not considered 
serious, if they occur. The fact that the most susceptible clovers, 
even Ladino clovers, flourish in portions of the Northwestern States 
might be interpreted as indicating that there the insect is not a serious 
factor in clover culture, although it has been found in that region. 

1 Received for publication Oct. 6, 1928, issued June, 1929. 

? The experimental work here reported was conducted independently at the Arlington Experiment 

Farm, Rosslyn, Va., by the senior writer, and at the Illinois Agricultural Experiment Station by the junior 

writer. The writers are indebted to A. J. Pieters for aid in conducting the work and in preparing the 

manuscript. 

’ Reference is made by number (italic) to ‘“‘ Literature cited,” p. 676. 
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HOST PLANTS 


That this species of leaf hopper, reported under several different 
names, might attack a great variety of plants has long been recognized 
by entomologists. It has been reported most frequently as a pest 
of potatoes and apples, but since reviews and lists of the printed 
records are elsewhere available it is unnecessary in this report to 
make extensive reference to those works. 

The potato leaf hopper was reported as a pest of legumes years 
ago. In 1900, Forbes and Hart (6) reported it on a number of hosts, 
Harris’s type specimen was recorded on beans (2, 12), Gossard (9) 
reported it on clover, and Garman (7), Washburn (1/8), and Webster 
(19) found it on red clover, alfalfa, sweet clover, and other legumes. 
Osborn (14) in 1912 reported it as causing injury to soy beans, alfalfa, 
cowpeas, and clover. He recorded an instance where it was found 
to be abundant on soy beans and ‘‘the leaves were corrugated and 
curled by them. The lower leaves are.yellowish.” He further cited 
a report from Ohio: “It attacked second crop of alfalfa and it is 
turning yellow from the effect.” Referring to alfalfa, he stated that 
“the species must be reckoned with in the growing of this crop.” 
In 1914 Piper (15) noted the association of leaf hoppers with alfalfa 
yellows. Others since that time have reported this leaf hopper as 
eo forage crops and in some cases have noted that injury 
resulted. 

Until recently little or nothing had been done to determine under 
controlled conditions the actual injury to this group of plants that 
could be definitely attributed to this insect. During the summer of 
1926 the senior writer was called upon to determine the cause of a 
“diseased condition” prevailing on red-clover plants grown in pot 
cultures at Urbana, Ill. The browning of the leaves and the abun- 
dance of the potato leaf hopper at once suggested hopper burn, and 
the reddening and yellowing of the leaves coincident with this burn- 
ing seemed likely to be due to the same cause. Experiments were 
then outlined which when completed showed that this diagnosis was 
correct (13). Granovsky (1/1) the same year determined by cage 
experiments that this species of leaf hopper caused the yellow top of 
alfalfa. 

METHODS 


Field observations during the summers of 1926 and 1927 indicated 
that several forage-crop legumes, as well as the garden bean (Phaseolus 
vulgaris), were suffering to a marked degree from attacks of the potato 
leaf hopper. During the summer of 1927 further experimental work 
was conducted to determine somewhat more clearly the symptoms on 
these different hosts that might be definitely attributed to leaf hoppers 
and to observe further the effect of these injuries on different varieties 
or strains of the same host plant. 

The experimental work at the Arlington Experiment Farm was 
Pa sab: chiefly in cheesecloth cages 2 feet square by 3 feet in 
height. These provided some shade, but since the inclosed plants 
which were kept free from leaf hoppers apparently were only slightly 
affected by the reduced lighting, this factor is considered of little 
importance in interpreting results. In many of the plantings on the 
Arlington farm, especially in a large plot of Virginia black cowpeas, 
it was found that there was a heavy infestation of Empoasca fabae in 
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areas where other insects as well as plant diseases were extremely 
rare. This gave further opportunity to compare the symptoms pro- 
duced on plants in the slight shade of the cheesecloth cages with those 
on plants under open field conditions, without the usual complications 
of other insect injuries or symptoms of diseases. For some of the 
work a smaller type of cage was used, consisting of a cheesecloth 








FIGURE 1.—Types of cages used in experimental work: A, At Arlington Experiment Farm, Rosslyn, 
Va.; B and C, at Illinois Agricultural Experiment Station, Urbana, III. 


collar supported by wire, with the lower band of cloth buried in the 
soil and the top tied together in a bunch. This type had some 
advantages, but there was more shading, due to overlapping and 
bunching of the cloth at the top. These two types of cages are 
shown in Figure 1, A. 

For most of the work, old plants in the legume nursery of the 
Office of Forage Crops were used. These plants had already shown 
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symptoms of leaf-hopper injury, but were cut back near the ground 
and dusted with nicotine dust before being covered with the cages. 
Therefore, these hopper-free plants were not checks in the sense of 
having been always kept free from hoppers. In other tests, such as 
those with cowpeas, beans, and red clover, seeds were planted within 
the cages so that the plants were always protected. All check cages 
were examined carefully at frequent intervals, to guard against any 
accidental infestation arising from eggs deposited on the plants near 
the ground previous to the time they were cut back, or against any 
other possible source of contamination. 

Although there are several species of leaf hoppers that commonly 
feed on legumes, the present study was confined to the potato leaf 
hopper and the injuries that it produces. Hereafter, unless otherwise 
stated, where the terms “leaf hopper” and ‘‘hopper” are used, 
reference is made specifically to Empoasca fabae.* Both adults and 
nymphs used in the cages were collected in the field from legumes 
already showing symptoms of injury. No attempt was made to 
raise hoppers that might feed on legumes without producing disease 
symptoms. 

The methods used in the experimental work at Urbana, Ill., were 
substantially the same as those followed at the Arlington Experi- 
ment Farm. Cages were covered with 24-mesh wire screening instead 
of the cheesecloth covering used at Arlington. (Fig. 1, B and C.) 
In the greenhouse work potted plants were employed, but for all other 
tests plants growing in regular field plantings were utilized. 


INJURY PRODUCED 


Year after year there has been observed a characteristic discolora- 
tion and dwarfing of many leguminous forage crops during the hot 
dry periods of summer. Perhaps the association of these symptoms 
with heat and drought has been in a measure responsible for the 
tendency to attribute all to “‘the weather.”” At any rate this unthrifty 
condition has generally received little attention from plant scientists, 
although it has obviously been correlated with lamentably decreased 
yields from many of these plants. In alfalfa it has for many years 
been referred to as yellows or yellow top, but a similar condition on 
clovers or other legumes has not been specifically designated. It is 
probable that it has usually been largely confused with drought 
injury, yellowing due to absence of nodule-forming bacteria, mosaic, 
so-called sun scald, or physiological response to hot weather. 

Although varying in degree with different species or with different 
varieties within a species, both as to symptoms and as to total damage, 
the injury produced by an attack of leaf hoppers is of much the same 
type on all the various hosts. In all susceptible plants under obser- 
vation there was a noticeable dwarfing of leaves, petioles, and stems 
as well as a decided reduction in floral development. Infested leaves 
frequently curl downward much as they are apt to do when injured 
by aphids. As a general rule, feeding by these insects results in some 
discoloration of the leaves. The discoloration in most cases con- 


* Sample specimens were taken from the cages at the Arlington eeesiatns Farm and were identified 
as Empoasca fabae by A. A. Granovsky, of the University of Wisconsin. . Urbana, IIl., the leaf hoppers 
used in the cage experiments were mainly collected by an assistant of W. Flint, of the Illinois Natural 
History Survey. During the season 20 leaf hoppers of the same species as ican used in cage infestations 
were identified by D. M. DeLong, of the Ohio State U niversity, as Empoasca jabae. 
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forms closely to the leaf venation, extending downward along the 
veins and midrib or down the petiole. On the blade of the leaf a 
roughly triangular area is affected, extending from the leaf margin 
inward to a point on a vein or the midrib. 

In most cases the injured area extends inward much farther on 
the proximal than on the distal side of the lateral vein, as shown in 
Figure 2. The change of color may be nothing more than a slight 
yellowing, but it may develop into a pronounced yellow, red, purple, 
or, in severe cases, the brown or “‘burn”’ of the tips or margins of 
the leaves, so commonly found on potato plants. Tissue showing 
the yellow or red symptoms may remain alive for a long time, and 
even badly dwarfed and discolored leaves may continue turgid and 
remain on the plant throughout the normal season. Browning is 











> 











FIGURE 2.—Injury to garden beans caused by potato leaf hoppers. The two leaves at left from plant 
grown in hopper-infested cage, leaf at right from plant grown in hopper-free cage. Note dis- 
coloration along margins of larger leaf at left. Crinkling, dwarfing, and shorter petioles are 
also evident in the two leaves from infested plants 


frequently accompanied by an upward curling of the leaves similar 
to that associated with hopper burn of potatoes. Although this 
latter symptom is generally recognized as the most important damage 
caused by leaf hoppers, and indeed is frequently regarded as the only 
symptom of leaf-hopper injury, it is evident that on legumes, and 
probably on other hosts, there may be injuries of great importance 
without any extensive evidence of hopper burn. 

In severe cases leaf-hopper injury may destroy the host. This is 
especially liable to occur when the plant is in the seedling stage or 
when it is recovering from mowing. It appears likely that many seed- 
ling stands of clover and alfalfa are severely thinned or even practically 
destroyed by attacks of leaf hoppers. Their damage caused by these 
insects may also greatly reduce stands of clover or alfalfa soon after 
hay is havested. In crops such as cowpeas or soy beans there appar- 
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ently is little loss in the field from killing of individual plants. By far 
the greatest loss caused by leaf hoppers among the forage crops is 
that due to the extreme dwarfing of the vegetative parts of the plant 
and the resulting reduction in hay yield, pasturage, or green manure. 
Correlated with this is the check to floral development and the conse- 
quent reduction in yield of seed. Preliminary observations indicate 
that, taken collectively, leaf-hopper injury in a large area of this 
country may be of far greater economic importance than that of 
any other single known pest of forage crops. 


RESULTS OF EXPERIMENTS WITH VARIOUS HOST PLANTS 
CLOVERS 


During the summer of 1927 insect-proof cages were placed over 
plantings of red clover (Trifolium pratense L.), zigzag clover (7. medi- 
um L.), white or Dutch clover (7. repens L.), Ladino clover (7. 
repens latum), and alsike clover (7. hybridum L.). Seedlings and 
second-year red-clover plants were caged, but in the work with other 
species only old plants that had previously shown hopper injuries 
were used. In addition to the above species, 7. pannonicum Jacq., 
T. alerandrinum L., and T° fragiferum L., were also observed in open 
field plantings for symptoms of leaf-hopper injury. 

The symptoms of leaf-hopper injury are in general similar in the 
several clovers studied. (Pl. 1.) On some species of Trifolium the 
red coloration that follows leaf-hopper attacks is apparently more 
pronounced than in any of the other legumes. This reddening de- 
velops gradually and usually does not become pronounced for at least 
a week after the insect feeds, although the time required seemingly 
varies somewhat with climatic factors and with the condition of the 
host. In Ladino, alsike, and zigzag clovers this reddening is most 
conspicuous. It is most common near the tips or margins of the 
leaves, along the veins, on the stalks of the leaflets, and in the upper 
portion of the petiole. Frequently, especially on zigzag clover, it 
extends along the entire border of the leaf blade. It sometimes occurs 
as definite angular blotches or more or less as streaks conforming 
primarily to the venation. 

Coincident with the reddening symptoms, there is usually a yellow- 
ing of the leaf. Just back of the reddened tip there is often a streak 
of yellow which gradually merges into the dark green of the basal 
portion of the leaf. Frequently parts of a leaf, or even an entire leaf, 
may turn yellow without any indication of the red pigment. This 
is especially likely to occur where young leaves are affected. It is 





EXPLANATORY LEGEND FOR PLATE 1 
Potato leaf-hopper injury on white-clover and red-clover leaves 


A. Healthy Ladino-clover leaf of average size taken from caged plant free from leaf hoppers. 

B-G. Ladino-clover leaves taken from plants in adjacent cage heavily infested with potato leaf hoppers. 
Note dwarfing as compared with leaf A from check cage. 

B. ame marginal browning of the leaflets of an opening leaf and reddening of the upper portion of the 
petiole 

C. Withered and browned leaf with leaflets folded together but petiole still green. 

D. Typical tipburn with curling of the tips of each leaflet. 

E. Reddening of the tips of leaflets with extreme tips turning brown. Upper part of petiole has turned 
red, but note green tissue both above and below this section. 

F. Typical red and yellow banding as found on leaves of Ladino and white clover. Note red at tip, then 
yellow, and below the normal leaf green. Also note red portion of petiole. 

G. Extreme discoloration and distortion of leaf and petiole. Note that this leaf has not wilted. 

H, I. Leaflets of foreign red clover showing the typical reddening and yellowing produced by leaf hoppers 
on this host. Note the manner in which the coloring follows in general the venation, the tipburn, and curling 
> ane me pa browning in triangular areas on the right side and the irregular band of brown on 
the left side o' 
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( For explanatory legend see opposite page ) 
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often the most common symptom on some of the strains of white 
clover and among the imported red clovers. 

Although the red and yellow symptoms may occur alone, they are 
commonly accompanied ‘by a browning or “burning” of the tips or 
margins of the leaves. This browning is similar to the well-known 
hopper burn of potatoes and therefore requires no elaborate descrip- 
tion. In the infested cages and in the field entire young leaves were 
found to droop suddenly, turning to a grayish or brownish tint as 
they rapidly dried. Young succulent leaves are apparently unusu- 
ally likely to collapse in this manner, particularly during periods of 
high temperature and drying winds. One may often find leaves of 
clover showing a tip burn, with a band of red below the browned por- 
tion, a band of yellow below the red, and the base of the leaf still 
holding the healthy green color. In a large planting of clover, espe- 
cially Ladino, heavily infested with leaf hoppers there is often a 
beautiful display of brilliant autumnal coloring, which, as most of the 
leaves are killed, may rapidly change to a dull brown, as though 
injured by fire or extreme drought. 


EXPERIMENTS AT URBANA, ILL.5 


Experiments similar to those conducted in 1926 (13) were repeated 
in 1927 at Urbana, Ill., potted plants of Tennessee anthracnose- 
resistant and Italian red clover being used. On June 17 five mature 
potato leaf hoppers were placed in a cage containing two seedling 
plants with five or six leaves per plant. Four days after infestation 
one leaf on the Tennessee and three on the Italian plant had been 
killed. The other leaves on the Italian plant showed typical symp- 
toms of leaf-hopper injury. Within two weeks this plant was dead, 
but three out of seven leaves of the Tennessee clover still were alive. 
Two weeks later the Tennessee plant was dead. The check plants 
in the hopper-free cage remained healthy throughout the experiment. 

A test similar to the above was conducted simultaneously with 
older plants, 13 inches in height, which were producing flower stems. 
A cage containing two plants of the Tennessee strain and one Italian 
plant was infested with 20 leaf hoppers. Within two weeks, more 
than half the leaves on the Italian plant had been killed, and a week 
later it was dead. The two Tennessee plants showed a loss of only 
one-eighth of their leaves in two weeks and one-fourth in three weeks. 
Within four weeks (fig. 3) one of these plants was dead and 90 per 
cent of the leaves of the other plant had been killed. This third 
plant died the following week. The check plants remained healthy 
and came into full bloom during the course of the experiment. 

At the conclusion of the experiment with seedling clover, the test 
was repeated with plants from the same source. The results were 
in general similar to those of the previous experiment. There was, 
however, more reddening of the leaves in this series, together with a 
more gradual browning and killing. 

Duplicate cages (fig. 1, C) were placed in plots of red clover in 
field plantings to determine what effect an infestation of leaf hoppers 
would have on plants under field conditions. For this series, plots 
planted in August, 1926, with French, Rumanian, and Ohio seed 


5 Conducted by the junior writer in cooperation with W. P. Flint, the Illinois Natural History Survey, 
and the Illinois Agricultural Experiment Station. 
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were used. Hay had been removed in June, and when the experi- 
ment began the new growth was about 3 inches high. In addition 
to these three, a planting of Italian red-clover seed, made on an 
adjacent field March 1, 1927, was included in the experiment. In 
this fourth plot the plants were about 5 inches high. Leaf hoppers 
were removed from the plants that were covered with the cages, and 
on July 15 one cage on each plot was infested with adult leaf hoppers. 
The other cage was kept free from hoppers. 

The symptoms noted in the field cages were similar to those ob- 
served in the caged pot cultures. Discoloration and killing of the 
leaves and dwarfing of the plants soon followed heavy infestation 
with leaf hoppers. Damage was most evident in the Italian plot, 
but the plants in the French and Rumanian plots were also severely 
injured. The plants in the Ohio plot, however, showed only a slight 
reddening during the entire period of the test. The flower-head 
development was reduced by the leaf hoppers, but the number of 
flower stems’starting from the base of the plant was increased. The 
plants in the hopper-free cage on each plot grew rapidly and remained 
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FIGURE 3.—Injury to old plants of red clover, caused by potato leaf hoppers: A, B, E, and F are 
Tennessee anthracnose-resistant red clover; C and D, Italian red clover. Photographed 26 
days after leaf hoppers were first placed in the cage 





free from the reddening, yellowing, or burning so noticeable in the 
other cages. 

One healthy red-clover plant in the field planting from French seed 
was selected for a test to determine what effect a heavy infestation of 
one part might have on the rest of the plant. Two wire-screen cylin- 
ders 20 inches long and 2 inches in diameter, were placed in an upright 
position above the plant. Into each of these cylinders was placed a 
single stem. (Fig. 1, B.) One cylinder was infested August 3 with 
one mature hopper and two nymphs, whereas the other was kept free 
from insects. In 10 days one leaflet on the stem in the infested 
cylinder was red. The injury increased until within six weeks all the 
leaves were killed. The leaves on the stem in the hopper-free cylinder 
remained green and healthy. During the course of this experiment the 
hopper-infested stem increased in length only 3 inches, whereas the 
hopper-free stem increased in length 24 inches. 

In the field plantings where red-clover seed of different origin was 
being tested, it was apparent that after the first cutting there was a 
greater loss of plants among the imported stock than in the plots 
sown with home-grown seed. The plants in 3 linear rods of drilled 
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rows in each plot were counted two weeks after the first crop was 
harvested. The percentages of dead plants are given in Table 1. 


TABLE 1.—Reduction in stand of mature red-clover plants, resulting from leaf- 
hopper infestation previous to the first cutting at Urbana, Ill., in 1927 


Seed of foreign origin Seed of domestic origin 


. Dead Number . ° Dead | Number 
Source of seed plants | of plots Source of seed plants | of plots 


Per cent Per cent 
French 41.3 3 Ohio 12.1 
German 53. p Tennessee 

Rumanian 52. 7 Oregon 

Chilean ; 56. ! . Virginia 

Silesian 33. Minnesota 

Italian 46. Idaho 

Polish 52. ; Michigan 


Average > 43.6 | Average 


* Thin stand in this plot resulted in more vigorous plants. 
‘Average of the 43 plots. 


The results as given in Table 1 show that there was a much greater 
loss of plants from the imported than from the home-grown seed. 
During the season leaf hoppers were more numerous and their damage 
more conspicuous in the plots from imported seed. No serious infesta- 
tion with other insects or diseases was observed in these plots, so it 
seems reasonable to assume that the reduction in stand was in a 
large measure due to injuries induced by the leaf hoppers. The differ- 
ences in response to hopper injury shown in red clover of different 
origin in the greenhouse experiments further support this supposition. 

At Jacksonville, Ill., alsike clover grown in an insect-proof cage 
during spring and early summer remained free from leaf-hopper 
injury, while all the plants in the rest of the field were conspicuously 
reddened, dwarfed, and otherwise damaged by these insects. 


EXPERIMENTS AT ARLINGTON EXPERIMENT FARM 


In the latter part of July, 1927, at the Arlington Experiment Farm, 
duplicate cheesecloth cages were placed in three plots of red clover 
planted in May with seed of Tennessee anthracnose-resistant, Italian, 
and French red clover. One cage on each plot was infested with potato 
leaf hoppers. The plants in these cages showed the characteristic 
symptoms of leaf-hopper injury. Infestation, however, was light and 
practically all the plants survived. More injury was noted in the 
Italian and French clover than in the Tennessee strain. 

In the legume nursery duplicate cages were placed over plants of 
Ladino clover and a selection of white clover that appeared much less 
injured by hoppers. These two sets of cages were on adjoining rows. 
so environmental conditions were approximately the same for each. 
Mature leaves were all removed and one cage of each pair was infested 
with about 40 hoppers and the other kept free from insects. In 
both infested cages the new growth soon showed the red and yellow 
symptoms of hopper injury. During the unfavorable periods in 
August the hoppers repeatedly disappeared from the white-clover 
cage, and it was therefore necessary to restock this cage with about 
40 hoppers six times during the month The cage was carefully 
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examined many times in an effort to locate any predacious insect, but 
none was found that might account for this loss. The first infestation 
of the Ladino clover was sufficient for the season. By the middle of 
August there was a marked difference in the responses of the two 
clovers. The white clover showed unmistakable symptoms of 
injury, but by no means as pronounced as those on the Ladino clover. 
The red and yellow symptoms were very conspicuous in both infested 
cages. In the white-clover cage dwarfing and reduction in number 
of flower heads were apparent. In the Ladino-clover cage growth 
was soon stopped and the leaves rapidly withered and turned brown 
(Fig. 4.) No flowers were produced in this cage. At the end of the 
season no hoppers were found in the white-clover cage, but there 
were many adults and nymphs in the Ladino cage even though most 
of the leaves were dead and food was therefore scarce. 


aa * 


FicuRE 4.—Injury to Ladino clover caused by potato leaf hoppers: A, Check cage, inclosed in cheese- 
cloth and kept free from leaf hoppers; B, Ladino clover in cage infested with potato leaf hoppers. 
Many leaves were killed and all others showed tipburn, reddening, or yellowing due to injuries 
by these insects. Note the dwarfing of the leaves 


In another pair of cages in a Ladino-clover planting the check cage 
was accidentally placed over a colony of slugs. Since this gave an 
opportunity to compare mere feeding injury with leaf-hopper injury, 
the slugs were allowed toremain. In one cage every leaf was partially 
eaten and a great many were entirely consumed. In spite of this 
continued feeding and great reduction of the photosynthetic area, 
these plants continued to produce new vigorous leaves which appar- 
ently developed normally, until they in turn were eaten by the slugs. 
The plants in the hopper-infested cage, however, soon showed decided 
hopper injuries. Even with a Jarger total area of living leaf tissue 
than was left in the other cage, these plants gradually weakened and 
many died. Weeds soon replaced the clover in this cage, but in the 
other cage the heavy covering of new growth of clover seemed to 
keep most of the weeds in check. The s'ugs apparently preferred 
the Ladino clover to the weeds in the cage, so this difference of weed 
growth could not be attributed to a check of weed plants by the heavy 
infestation of slugs. Only a small number of plants survived the 
season in the hopper-infested cage, but practically aJl were alive when 
the cage was removed from the other group of plants in September. 
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Duplicate cages were placed over plants in a nursery row of zigzag 
clover. In the hopper-infested cage the red coloring was soon very 
conspicuous. There was also much yellowing and dwarfing due to 
leaf-hopper attack. Hoppers appeared to thrive on this clover, but 
they did not reproduce as freely as they had on the Ladino clover. 
The clover in the check cage was entirely free from any red or yellow 
symptoms. 

Small cages were placed over new seedings of Italian and Tennessee 
red clover the third week in August. When the seedlings emerged, 
one cage over each of the two plantings was infested with potato leaf 
hoppers and the others were left as checks. In two weeks much injury 
was apparent on both the Italian and Tennessee clover, but there was 
slightly less on the latter. Results were partly confused by a severe 
attack of powdery mildew, which was much worse on the Tennessee 
clover. 














FIGURE 5.—Injury to English red-clover seedlings caused by potato leaf hoppers. Check plants at 
the left. The pot at the right contained five plants, on each of which was placed one potato 
leaf hopper in the second instar. The hoppers were allowed to feed on the plants during the 
remainder of their nymphal development (10 days). Many of the leaves were killed, and all 
showed injury 


In the greenhouse at Madison, Wis.,’ one potato leaf-hopper nymph 
in the second instar was placed on each of five English red-clover 
seedlings and kept there until it reached maturity. The temperature 
of the greenhouse was kept at 25° C. Within 24 hours wilting was 
evident on some leaves, and during the 10 days that the hoppers fed 
on them all the leaves were injured, and most of them were killed. 
(Fig. 5.) 

ALFALFA 


The symptoms of leaf-hopper injury on alfalfa (Medicago sativa L.), 
known as yellow top, yellows, or yellowing, have been observed for 
many years in this country (17), but apparently have never been 


6 In cooperation with A. A. Granovsky. 
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reported elsewhere. As compared with the symptoms on clover, 
there is a much more general development of the yellow and less of 
the red pigment. There is, however, a noticeable reddening, bronz- 
ing, or purpling of badly injured leaves, especially on the under part 
and along the midrib and veins. (Fig. 6.) Tipburn is common, but 
by far the most conspicuous symptoms are the yellowing, bleaching, 
and dwarfing. There is usually an abnormal development of lateral 
branches, which, together with the reduced length of internodes, 
gives the plant a rosette appearance. 

Alfalfa fields are frequently so badly stunted from yellow top 
that there is scarcely enough hay to justify harvesting the crop. 
Nevertheless these stands after cutting may apparently recover 

















FIGURE 6.—Yellow top of alfalfa. Tips of branches taken from caged alfalfa plant shown in Figure 
7. At left, upper portion of a branch grown in hopper-free cage. The two branches at right from hop- 
per-infested cage. Note discoloration (yellowing or bronzing), dwarfing of new leaves and petioles, 
and also development of lateral shoots on the infested branches. Lower internodes of the two in- 
fested branches represent normal length, as these developed before insects were placed in the cage 


entirely and produce a heavy crop of hay. Some experimental 
plantings of alfalfa at the Arlington farm have been kept under 
observation for the last three years. Each summer these plants 
have been badly yellowed and so stunted that most of the stems 
did not develop more than 6 or 8 inches in height. In spite of this, 
most of the plants recovered each fall after the diseased tops had 
been removed. A large number of the plants are still alive and 
appear to grow normally during the season when leaf hoppers are not 
present. 

To determine whether the feeding of leaf hoppers on one part of a 
lant would have a deleterious effect on another part kept free from 
enon three vigorous alfalfa plants that had been slightly checked 
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by yellow top were cut and the new shoots of each were covered with 
two cheesecloth cages. Half of the new stems of each plant were 
allowed to develop in a hopper-free cage and the other half were 
kept in a hopper-infested cage. Leaf hoppers were not introduced 
into the latter cages until the new shoots were 3 to 5 inches tall. 
Then several nymphs and mature hoppers were inserted, and these 
soon checked the 
growth of the shoots 
on which they were 
feeding. The other 
half of each plant con- 
tinued to develop in 
an apparently normal 
manner. In four 
weeks the cages were 
removed and the in- 
ternodes were meas- 
ured. On the healthy 
side the mature inter- 
nodes varied in length 
from 2. to 2% inches. 
On the stems in the 
hopper-infested cage 
they averaged 2, 2%, 
1%, 1, %, % inches, 
respectively, from 
basal internode to tip. 
The first and second 
internodes were the 
same length in the 
check and in the in- 
fested stems, for hop- 
pers were not intro- 
duced till that part of 
the stem was practi- 
cally mature. On the 
healthy side just twice 
as many nodes had 
been produced as on FIGURE 7.—Injury to alfalfa caused by potato leaf hoppers. A ma- 
. ture alfalfa plant was cut back within 2inches of the soil and covered 
the hopper-infested with two cheesecloth cages. Half of the plant (left) was kept free 
side. The reduction in fom eat hoppers, while the other all cght) was infested with 
the number of nodes inches tall before hoppers were placed in the cage. Note the 
: increased number of shoots and the dwarfing in the infested half 
and the checking of and the absence of these in the uninfested haif of this plant 
the normal elongation 
of the internodes produced a decided difference in length of branches in 
the two cages. (Fig. 7.) The healthy branches showed little or 
no tendency to develop lateral branches, whereas in the hopper- 
infested cages there was a marked development of lateral shoots. 
This increased number of branches is evident in the infested portions 
of the plant shown in Figures 6 and 7. 
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SWEET CLOVER 


Late in July, Anselm T. Stone, of the Office of Forage Crops, 
called attention to a planting of sweet clover (Melilotus suaveolens 
Ledeb.) that he had sown March 29, 1927, and in which growth 
seemed to have been suddenly checked during July. An examination 
of the more recent growth revealed the fact that the latest internodes 
and petioles were unduly short and that the leaves were much smaller 
than should normally have been the case. Throughout the field 
there was a yellow cast produced by the yellowing of the tips of large 
numbers of leaves. This same condition has been observed at 
Urbana and elsewhere. The unthrifty color, while quite noticeable, 
by no means approached the decided discoloration so characteristic 
of a field of alfalfa affected with yellow top. The same condition was 
found to a somewhat greater or less degree in the other plantings of 
sweet clover, both yellow and white (HM. officinalis L. and M. alba 
Waldst. and Kit.) 


FIGURE 8.—Injury to sweet clover caused by potato leaf hoppers: A, Four plants grown in 
hopper-free cage; B, four plants grown in hopper-infested cage 


At the Arlington Experiment Farm a number of plants of the 
yellow sweet clover ( Melilotus suaveolens) were cut back to a height of 
6 inches and covered with two cheesecloth cages. One of these cages 
was kept free from insects and the other infested with leaf hoppers. 
In two weeks, when the new shoots were well started, the difference 
between the plants in the two cages was quite evident. Those 
in the hopper-free cage recovered rapidly and produced a heavy growth 
of dark, healthy foliage. The new branches in the hopper-infested 
cage were decidedly stunted. Many of the leaves showed a slight 
yellowing of the tips, and in some there appeared the browning and 
curling so characteristic of hopper burn. Some of the branches 
wilted suddenly. Of the four plants in this cage there was one on 
which the leaf hoppers appeared to concentrate, and one after 
another the branches of this plant wilted, until within the course of 
four weeks the entire plant was killed. The other plants, however, 
continued to grow, and during the period when leaf hoppers did not 
thrive in the cage they were able to recover quickly. At the end 
of the summer there was a decided difference in total growth in 
the two cages (fig. 8), in spite of the fact that this experiment was 
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conducted during the weeks when the weather conditions were 
apparently unfavorable for leaf hoppers. The symptoms in the cage 
so closely resembled those observed in the open as to leave little 
doubt that the yellowing and dwarfing of Melilotus during July 
had been in a large measure due to injuries resulting from the fairly 
heavy infestation of leaf hoppers. 

The cages were removed from the plants the third week in Sep- 
tember, and thereafter they were left uncovered. Leaf hoppers after 
this time were extremely scarce in this field. This species of Meli- 
lotus is normally resistant to frost, but on November 15 Stone 
observed that frost had killed all the leaves on the three plants that 
had been inclosed in the hopper-infested cage. The leaves on the 
plants that had been inclosed during late summer in the hopper-free 
cage, only 2 feet away, showed no sign of frost injury at that time, 
nor until a month later. 


COWPEAS AND SOY BEANS 


In the extensive plantings of a large number of varieties of cowpeas 
and soy beans at the Arlington Experiment Farm there was found, 
during July, a decidedly stunted condition of the plants, together 
with a yellowing and curling of the leaves, and a widespread occur- 
rence of the tipburn so suggestive of hopper injury.- This unthrifty 
condition was much more striking on some varieties than on others, 
and wherever it was most conspicuous there the potato leaf hopper 
was found in greatest abundance. 

Three varieties of cowpeas were sown under cheesecloth cages at 
Arlington and kept free from insects until the first trifoliolate leaf had 
matured. Leaf hoppers were then introduced into one cage, and the 
other cage remained as a check. For some time the weather seemed 
unfavorable for leaf hoppers and it was necessary to replace those 
that died in the cage. In a few days some of the younger leaves in 
the hopper-infested cage began to show the dwarfing and yellowing 
noticed in the field, and the older leaves showed the large angular 
blotches of yellow as well as the browning and curling at the tips. 
Although not so pronounced as those in the field, probably due 
chiefly to the smaller number of leaf hoppers on the caged plants, the 
symptoms shown in the hopper-infested cage were unmistakably 
“omg so widespread throughout the plantings at the Arlington farm. 
(Fig. 9.) 

Cages were also placed over plants of Tarheel Black and Mammoth 
Yellow soy beans, and on the Mammoth Yellow variety in the infested 
cage the typical yellowing and curling symptoms were produced. 

Affected plants have a yellow color very much like that appearing 
in cowpeas or soy beans growing in the absence of nodule-forming 
bacteria. A heavy infestation invariably results in a decided checking 
of the growth of the plant, with a pronounced decrease in length of 
petiole and size of leaf blade. In some instances the entire plant may 
have a yellow, unhealthy appearance, while in others the yellowing 
is limited to the tip of a leaf or to an area more or less triangular in 
shape. This angular yellowed area is usually bounded by the veins 
and extends nearer to the midrib on the proximal side of the lateral 
vein than on the distal side. Parts of a leaf, most commonly the 
tip or the area along the margins, may wilt, dry out, and turn 
brown. This type of injury has probably been frequently regarded 
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as sunburn, for leaves in the first wilting and drying stage as well as 
those in the later brown stage have much the appearance of having 
been scalded. As growing leaves are attacked, they curl downward 
and take the shape of an inverted cup. Along the veins and midribs 
of such leaves the epidermis is frequently badly torn. This condition 
is especially common along the fleshy midrib, and one often finds 
leaves on which practically all the lower part of the midrib is brown, 
due apparently to innumerable lacerations produced by the insects 
in the process of oviposition. In damp weather this injured tissue is 
frequently invaded by saprophytic fungi and may appear as if 
diseased by them. 




















FIGURE 9.—Injury to cowpea caused by potato leaf hoppers. The three leaves at the left show 
curling and dwarfing due to heavy infestation. The leaf at the right was taken from the same 
plant as those at the left, but it was grown after the insects had disappeared from the plant. 
The injured leaflets remained on the plant and all four leaves were removed and photographed 
the same day. The plant was not caged 


LOTUS 


Some nursery rows of Lotus corniculatus L. for several years have 
been observed to turn an unhealthy yellowish or brown color in mid- 
summer. During the summer of 1926 these rows were examined for 
insects, and it was found that they were heavily infested with the 
potato leaf hopper. The naturally small leaves were much smaller 
than those found on spring and fall growth. These tiny blades 
showed yellowing and bronzing symptoms similar to those observed 
as hopper injury on alfalfa. There was also a heavy loss of photo- 
synthetic surface due to tipburn and to browning of entire leaves or 
stems. During the summer of 1927 the same condition was again 
observed in all the rows of lotus. 
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A number of plants in one row at the Arlington Experiment Farm 
were cut back within an inch of the soil level and on July 27 these 
were inclosed in two cheesecloth cages. As soon as new growth had 
well started, leaf hoppers were introduced into one of the cages. The 
other was kept free from insects. Within two days after hoppers 
were placed in the cage some of the leaves and tips of the new shoots 
began to wilt. These wilted parts usually soon dried and became 





FIGURE 10.—Injury to Lotus corniculatus caused by potato leaf hoppers: A, Plants grown in 
hopper-free cage; B, plants grown in hopper-infes cage 


brown. Growth of the other branches was quickly checked, and 
within a week the leaves began to show the yellowing symptom so 
common in the plants out in the open. This yellowing was most 
pronounced on the tips, as is the case in other plants, and with it 
occurred the characteristic tipburn. Later there developed a decided 
bronzing or reddening of the leaves, petioles, and even stems. Flowers 
failed to develop in the hopper-infested cage, where as several clusters 
of blossoms were produced in the hopper-free cage beside it. (Fig. 10.) 
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BEANS 


During July, when leaf-hopper injury was so much in evidence at 
the Arlington farm on many of the forage legumes, L. L. Harter 
called attention to a similar type of injury on many of his plantings 
of beans (Phaseolus vulgaris L.). Throughout the affected area the 
potato leaf hopper was found to be generally distributed, and among 
the different varieties there was a direct relationship between the 
number of these insects on the plants and the severity of the damage. 

Seed of the Bountiful and Tennessee Green Pod varieties were 
planted in the forage-legume nursery at Arlington. These were 
covered immediately with cheesecloth cages and kept free from 
insects until the plants were well developed. One cage was then 
infested with leaf hoppers and the other kept free from insects. In 
this case, as with cowpeas, the unfavorable weather conditions so 
interfered with the work that the plants were well grown before leaf 
hoppers could be gathered and kept alive in the cage in numbers 
sufficient to check all the plants. However, here also symptoms that 
were practically identical with those found in the open under field 
conditions were produced in the hopper-infested cage. 

Tip and marginal burnings of the leaves resulting from attacks by 
leaf hoppers are symptoms that have frequently attracted the atten- 
tion of other workers (3). The yellowing, curling, browning of midrib 
and veins, dwarfing, and other symptoms as described for cowpeas 
occur also on beans. One of the interesting symptoms observed in 
the caged plants, as well as in the field, is the dwarfing and curling 
of the young leaves and the crinkling of the surface. Such leaves at 
times show little or no loss of dark-green color. 


MISCELLANEOUS LEGUMES 


Typical symptoms of leaf-hopper injury have been observed on 
other legumes. Tipburn and slight yellowing have been seen on 
leaves of several species of Lespedeza. Usually leaf hoppers are not 
abundant on these hosts, and injury is not often conspicuous. Some 
species are more noticeably affected than others. Kidney vetch 
(Anthyllis vulneraria L.) showed only slight yellowing and browning 
in a planting observed in the summer of 1927. Peanut (Arachis 
hypogaea L..) in the greenhouse proved to be a favorable host and 
showed typical tipburn and some yellowing. Sainfoin (Onobrychis 
viciaefolia Scop.) and species of Vicia have also shown sitnilar symp- 
toms. 

VARIETAL DIFFERENCES IN RESISTANCE 


Some varieties of — and potatoes have been repeatedly ob- 


served to show greater damage from leaf hoppers than other varieties 
growing in adjoining rows (/, 8). Thus Ball pointed out that ‘“‘in- 
variably the Green Mountain plants, even where occurring in the 
same hill with the Rurals, were showing considerable injury, while the 
Rurals even with the leaves interlacing were comparatively free.” 
Later observations, however, annonce led him to question this 
difference, owing to the fact ‘that most of this variation was due to a 
difference in the time that these plants developed sufficient foliage to 
furnish a place for egg deposition for the spring brood of adults.” 
The behavior of clovers and other legumes, both in cages and in the 
field, gives every indication of varietal differences regardless of the 
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quantity of foliage available for deposition of eggs. As was noted in 
the case of potatoes, there are times when the apparently more resistant 
varieties of legumes are severely damaged by hoppers. In a number 
of legumes planted at the same time and with approximately the same 
foliar development, the insects were found to be more numerous and 
the damage caused by them much more severe on certain varieties 
than on others grown in adjoining rows. The number of hoppers 


FIGURE 11.—Injury to Ladino clover caused by potato leaf hoppers: A, Plants grown in hop- 
per-infested cage; B, plants grown in hopper-free cage. Compare severity of damage as 
evident in upper plot with a similar hopper-infested cage of white clover, Figure 12 


inserted in the cage with the ‘‘resistant”’ variety of white clover was 
many times that used in the cage with the ‘susceptible’ Ladino 
clover. However, at the end of the season there was still a heavy 
infestation of hoppers in this latter cage, even though{the damage to 
the plants had reduced their food supply almost to starvation, pro- 
portions. (Figs. 11 and 12.) In the cage with the resistant variety 
the hoppers failed to propagate and when the cage was finally re- 
moved at the end of the season none could be found on the plants. 
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In clovers there is a decided difference in the severity of leaf-hopper 
injury both among the various species and among varieties or strains 
within a species. The common alsike, like Ladino clover, is usually 
badly injured. White clover ordinarily is less seriously damaged, and 
American-grown red clover is least damaged of the common agricul- 
tural clovers. Zigzag clover is usually badly damaged. Crimson 
clover suffers little, owing apparently to the fact that it is ordinarily 
planted at a time when heavy leaf-hopper infestations can be largely 


FiGuRE 12.—Injury to white clover caused by potato leaf hoppers: A, Plants grown in hopper- 
infested cage; B, plants grown in hopper-free cage. Compare with Figure ll. Note reduction 
in floral development in plot A 


avoided, and is harvested or plowed under before the hot period of 
summer when leaf hoppers are abundant. Hungarian clover (7ri- 
folium pannonicum) is only slightly damaged, berseem (7. alexran- 
drinum) becomes yellowed and bronzed much like alfalfa, and straw- 
berry clover (7. fragiferum) is reddened and tipburned. 

Red clover responds differently to leaf-hopper attacks, depending 
on whether the seedjhas been produced in North America or whether 
it has been recently,imported. For several years clover plantings of 
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European or Chilean seed have become yellow and generally un- 
healthy in appearance during midsummer throughout most of the 
clover belt. This difference has generally been explained as being 
due to the fact that the imported clover had not become acclimated 
and could not withstand the extreme conditions of our summer 
season. Of the imported seed, the Italian stock usually is most con- 
spicuously affected. Frequently there is an attack of anthracnose 
(Colletotrichum trifolii Bain and Essary) during the summer, and since 
Italian stock is most susceptible to this disease, it is difficult to 
determine in the field just how much of the reduction in growth is due 
solely to leaf-hopper injury. 

During the summer of 1927 the plantings of red clover at both the 
Virginia Agricultural Experiment Station, Blacksburg, Va., and the 
Illinois Agricultural Experiment Station, Urbana, IIl., presented a 
striking example of the difference in response to hopper injury of 
plants grown from native and those grown from foreign seed. All the 
plots of European and Chilean seed were badly yellowed and stunted, 
whereas all the plots of native-grown seed remained a healthy green. 
The plants from imported seed produced relatively few flower heads, 
and few of these were of normal size, whereas the domestic plants all 
produced an abundance of large well-formed flower heads. This dif- 
ference was apparently due chiefly to the attacks of leaf hoppers, for 
anthracnose and other diseases were much less prevalent than usual. 
This same difference in color and vigor of growth as well as in flower- 
head development has been observed repeatedly at the Arlington 
farm and on many experimental plantings throughout the East and 
Middle West where red-clover nationality trials have been conducted. 
This varietal response has also been found to occur in plants inclosed 
in cheesecloth cages and infested with leaf hoppers. An American- 
grown red clover, Altaswede,’ has been badly damaged by these 
insects. It has also been observed that mammoth clover ordinarily 
shows even less leaf-hopper injury than does the native medium red. 
Whether leaf hoppers are responsible for all or most of the failures of 
imported red clover has not yet been determined, but the evidence 
now available certainly indicates that they are an important con- 
tributing factor if not the chief cause of the losses in many States. 

As has been repeatedly observed in other crops, a field of a ‘“sus- 
ceptible” clover or other legume may frequently be found that shows 
no evidence of injury, whereas other fields near by may be severely 
damaged. 

The reason for this varietal difference in resistance is an interesting 
question which so far has not been answered. In red clover, as has 
been already pointed out (13), there is a direct correlation between 
hairiness of the leaves, petioles, and stems and resistance to hopper 
injury. All the European and South American red clovers imported 
into this country are smooth or appressed pubescent, whereas the 
red clover produced in this country and Canada is rough pubescent. 
(Fig. 13.) Hairy Peruvian alfalfa has been observed to be more 
resistant to yellow top than are the smooth varieties. Likewise the 
most susceptible varieties of cowpeas and soy beans apparently are 
those with the smoothest surface of stem and leaves. 








? Altaswede is a selection from the Swedish Late and is of the smooth foreign type, not of the type com- 
monly called American clover. 
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At the Arlington Farm a large planting of cowpeas of different 
varieties with alternate rows of Pekin soy beans presented an inter- 
esting contrast of severe leaf-hopper damage on the smooth varieties 
of cowpeas and practically no damage on the hairy soy-bean plants. 
Also in alternate-row plantings of Mammoth Yellow and Tarheel 
Black soy beans a striking difference was observed in the severe 
dwarfing and decided yellowing of the Mammoth Yellow and the 
almost total absence of injury on the Tarheel Black. 





FIGURE 13.—Stems from relatively glabrous and pubescent red-clover plants and a mature leaf 
hopper (X 4): A, Stem from Italian plant; B, mature leaf hopper; C, stem from Tennessee plant 


When hoppers from smooth leaves are placed on the hairy surface 
of such plants as American red clover they do not appear to be 
altogether at ease. In time, however, they seem to become accus- 
tomed to the hairy obstructions and may feed there and live for some 
time. When obliged to feed on such plants they are capable of 
causing the same type of injury that they produce on the smooth 
varieties. As has been shown, the smooth forms of red clover are 
more seriously injured by the leaf hopper than the hairy forms, and 
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the apparent preference in this case, as in others that have been 
recorded, of the adult females for smooth varieties, strongly suggests 
that differences in hairiness or other leaf structure may have some 
influence on oviposition. It was also noted that although both 
nymphs and mature hoppers are able to feed on hairy plants, there is 
a remarkable difference in the relative numbers of nymphs produced 
on different varieties. Possibly many of the newly hatched nymphs 
were trapped and killed among the leaf hairs before they were easily 
observed, as was found to be the case on potatoes (5). It was noted 
on legumes that the insects apparently do not avoid the tips of 
branches or opening leaves as they seem to do on potatoes. The tips 
of growing potato shoots, unlike such plants as Ladino clover are 
unusually hairy, which may account for this difference in response. 

Although dense pubescence evidently serves as a mechanical 
obstruction which in some way interferes with the activities of the 
insects, there appears to be some factor involved other than or in 
addition to that of hairiness. Plants with succulent and fleshy veins 
or petioles, as cowpeas, seem to be preferred by the hoppers. The 
varieties of white clover that were studied under cages are both 
classed as smooth. Nevertheless, when these varieties were grown 
in the field with the smooth and hairy red clovers the damage to the 
white clover referred to as “resistant” was more nearly like that 
caused to the smooth red clover than to the hairy. 

In some cases there was observed a difference in response which 
suggested actual resistance within the plant. The most striking 
case of this was in a greenhouse kept at 25° to 30° C. at Madison, 
Wis. Triumph potatoes were severely injured, whereas peanuts 
were only slightly injured by equally heavy infestations of hoppers. 
The insects apparently thrived on both plants, but the temperature 
and low humidity of the greenhouse were, of course, more favorable 
to peanuts than to the potatoes. 


EFFECT OF WEATHER CONDITIONS ON LEAF-HOPPER INJURY 


Leaf-hopper injury to legumes in most parts of this country occurs 
chiefly during the summer months. In the far South, however, 
it is reported as beginning in early spring and continuing into the 
fall. 

The degree of injury to legumes varies closely with the fluctuations 
in the number of hoppers, although extreme heat and drought may 
greatly exaggerate the damage caused by a fairly light infestation. 
Throughout the eastern and mid-western clover belt, the first con- 
spicuous symptoms on clover or alfalfa usually appear during the 
latter half of June, but in some years they may be fully a month 
earlier. Since the yellowing or reddening develops gradually, these 
particular symptoms may appear most noticeable in the field a 
short time after the hoppers have been most numerous. The wilting 
and browning of parts of plants during periods of heat and drought 
occur often within a day after hoppers feed on the plant, and there- 
fore these symptoms are most common during the hot, dry periods 
when leaf hoppers are most numerous. After a heavy infestation 
of leaf hoppers had caused serious damage to crops, a period of un- 
favorable weather in August, 1927, so noticeably reduced the number 
of hoppers at the Arlington Farm and at Urbana that damage was 
thereafter negligible. fiven badly dwarfed and discolored plants 
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quickly sent out new foliage which in many cases appeared to be 
normal in every way. This recovery has been repeatedly observed 
when a crop of alfalfa affected with yellow top has been harvested 
just before a period of rainy weather. Much of this difference in 
growth no doubt has been due to the difference in moisture available 
to the plant, but not all can be explained solely on the basis of water 
supply. In the plantings of cowpeas at the Arlington Farm it was 
noted that in many sections where the soil was moist and the plants 
had made a rank growth or were crowded with a heavy growth of 
grass or weeds the hoppers were extremely scarce as compared with 
sections in the same field which were on drier ground or where the 
stand was thinner than usual. In these low areas with dense vege- 
tation some moisture frequently remained on the lower foliage all 
day during cloudy weather. 

On the drier areas of the field where plants were more scattered 
the foliage dried rapidly, and there leaf hoppers appeared to thrive 
exceedingly well; but even in these places they disappeared rapidly 
during certain periods of wet weather. Alfalfa yellows has been 
associated with higher and drier parts of fields (16). 

No experiments were conducted to determine the effect of rain or 
humidity on the welfare of the leaf hoppers. The evidence available 
from field observations indicates that the difference in severity of 
leaf-hopper damage in various parts of a field is influenced less by the 
quantity of water available to the plant (which might explain the 
more rapid drying out of foliage on plants growing in drier soil) 
than it is by the effect of moisture on the insects. 

Observations in both field and cage studies suggested that atmos- 
pheric humidity or dew might, through their influence on parasitic 
fungi, exert an important influence on the leaf-hopper population 
and the consequent injury to legumes. 

The increase in leaf-hopper population during hot, dry weather 
and the decrease during periods of abundant moisture, together with 
the more serious and more noticeable injury to plants during periods 
of most rapid transpiration, help to explain the rather general con- 
fusion of leaf-hopper injury with the damage actually resulting from 
drought. The correlation of leaf-hopper damage with relatively high 
temperature and low humidity is important in the production of 
such crops as clover and alfalfa. Red clover planted with a nurse 
crop is suddenly exposed to a most exacting period when the nurse 
crop is removed. Frequently by the time this occurs the soil mois- 
ture has been greatly depleted and the seedling clover plants are 
growing slowly, their partial shade has been removed, and condi- 
tions are made extremely favorable for leaf hoppers. A similar con- 
dition exists after hay harvest of clover or alfalfa. At such times 
the exposed crown and new shoots are badly damaged or killed, and 
leaf hoppers flourish in the thin stand. 


CAUSE OF INJURY 


The direct cause of the injury produced by leaf hoppers has not 
been definitely determined. It seems evident from repeated observa- 
tions on legumes and other crops that the damage is not due simply 
to mechanical injury produced by the insect in puncturing the tissue 
or to the extracting of food from the plant. Observations such as 
those made in the hopper-infested cage of Ladino clover as contrasted 
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with those made on the slug-infested clover indicate that removal 
of food or reduction of photosynthetic area would not suffice to cause 
the severe injury associated with these insects. A single leaf hopper 
even in the early nymphal stages is capable of wilting a whole new 
shoot of such plants as lotus and clover. The same shoot might 
easily support many aphids without serious damage. Ball pointed 
out the differences in symptoms produced by insects of the same 
genus, in which the feeding process must be very similar, as indicat- 
ing that the injury produced by the potato leaf hopper is specific for 
that particular species. General fps ste on legumes herein 
reported support those previously made on potatoes and apples in 
indicating that there must be either some substance transmitted from 
plant to plant or some insect secretion injected into the plant tissue 
to account for the rapid collapse of tissue to give the burning symp- 
tom or to produce the gradual discoloration so noticeable in clovers. 
These might be accounted for by the supposition that the injury is 
due to some peculiar virus or to some toxin or enzyme produced by 
the insect. 

The slowly developing reddening and yellowing symptoms, as in 
clovers, together’ with the curling, dwarfing, and yellowing of the 
new growth, at once suggest the somewhat similar type of develop- 
ment of mosaic or other virus diseases of plants. The association 
of leaf hoppers with other virus diseases of plants also makes one 
question whether this, too, may not be of a similar nature. So far, 
apparently, no one has attempted—at least, none has reported— 
growing this species of leaf hopper free from the infectious principle. 
Other workers (4, 5) have artificially produced symptoms resembling 
leaf-hopper injury by injecting into healthy plants juice from crushed 
leaves that showed leaf-hopper injury. No one has successfully car- 
ried this test further than a single transmission from the original 
injured tissue. Transmission of the above nature might be accom- 
plished in the case of either a virus or a toxin. Experiments showed 
that half an alfalfa plant or individual branches of clover might be 
badly damaged by hoppers while the rest developed in an apparently 
normal manner. Similar experiments have been performed with 
other hosts. In addition to these experiments, the frequent observa- 
tion that badly damaged plants apparently may recover entirely, 
even under conditions when leaf-hopper injury is developing near by, 
all make it difficult to explain this particular injury as due to a virus, 
at least with the present conception of a virus as associated with plant 
diseases. 

The theory that appears most plausible (20, p. 24) on the basis of 
observations to date is that the insect when feeding injects into the 
tissue some chemical or enzymic toxin in a manner somewhat analo- 
gous to that found in plant gall-producing insects or in mosquitoes 
feeding on human tissue (not of malaria or other disease transmission). 
Such an injection might well explain the rapid wilting of young 
succulent tissue and its total collapse and death. The wilting very 
closely resembles the type of injury associated with certain vascular 
Fusarium diseases of plants, which in these latter cases has been 
reproduced by enzymes produced by the fungus. Likewise leaves 
may turn yellow but remain turgid under conditions that cause 
healthy leaves to become flaccid, suggesting the phenomenon seen in 
cabbage or other plants with vascular infection by Fusarium. In 
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many cases the damage is entirely local; often a petiole of clover where 
a nymph has been observed feeding will collapse and the upper portion 
dry out, whereas the lower section remains green, much as is the case 
with an infection with anthracnose. At other times the injury 
appears to be more generally diffused and less severe at any one point. 
This type was most noticeable during the cooler, moister periods more 
favorable for plant growth. Whatever is injected apparently is 
intimately associated with plant metabolism, and the extent and 
nature of the injury varies with the transpiration rate and other 
plant physiological processes. 

At times an excessive infestation of leaf hoppers may so weaken 
even mature plants that they are unable to recover even though kept 
under favorable conditions and free from insects. Whether this is 
due to some movement of the toxic substance (or virus) into the roots 
or whether it is the secondary effect due to exhaustion of the food 
reserve in the root system is a point that has not been determined. 
At least part of this type of damage may be done by the insects feed- 
ing close to the crown as the new buds develop. This evidently is 
what happens in young seedlings of clover which may be quickly 
destroyed by a small number of hoppers. In such cases the injec- 


tion of a poison might easily kill a plant, even though the poison be 
localized. 







































































MIGRATION 







At the Arlington farm during the summer of 1927 the plots of 
second-year red clover were located just across a narrow roadway 
from the new spring seeding of clover. Just before harvesting the 
old clover it was found that there was a fairly heavy infestation of 
mature leaf hoppers throughout the planting. When the crop was 
cut there was of course left on these plots little green material upon 
which they could feed, and for a time even this was covered with the 
drying hay. There was a rapid increase in the number of hoppers on 
the seedling plots across the road and after a week or more these 
plots showed much damage. A part of this increased damage was 
undoubtedly due to the natural increase in the number of leaf hoppers 
on the plots, but it is probable that it was also partly due to the migra- 
tion of the insects from the plots where their food supply had been 
suddenly removed. The seedling crop remained throughout the 
season more heavily infested than the plots of old clover across the 
road, which indicated that there was no migration back to those 
plots. It has been observed frequently that there is a noticeable 
difference in severity of yellow top in neighboring plots of alfalfa 
which have been cut at different times. This has led to the belief 
that yellow top is a physiological disturbance induced by cutting at 
the wrong time. An explanation of this difference has been attempted 
by attributing it to some difference in reserve carbohydrate storage in 
roots (10). It appears that there may be a yellowing of alfalfa due 
to such causes, but it is also extremely likely that many of these 
differences may be explained by the variation in leaf-hopper popula- 
tion due to migration from plot to plot. 

It is possible that in one season or locality the first plot cut might 
be more heavily infested, whereas under other conditions the reverse 
might be the case. This would depend to some extent on the avail- 
ability of young succulent shoots, the stage of development of the 
hoppers when the plants are cut, the climatic conditions affecting 
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moisture on the taller plants and the shorter growth of the newly 
cut plot, and perhaps many other factors. Apparently such an 
inconsistency has been observed in different localities. The cutting 
of such crops as alfalfa and clovers results in a problem somewhat 
different, from the standpoint of hopper infestation, from that found 
in such crops as potatoes and beans where the growth is continuous 
until the plants are harvested or killed. The sudden removal of 
quantities of food material, leaving only the limited food supply of 
the new shoots, must have a decided influence on the severity of this 
type ofinjury. Such plants at those times are often greatly weakened, 
even without the presence of insect pests. If weather conditions 
following hay harvest are unfavorable for plant growth but at the 
same time are favorable for leaf-hopper propagation, the second crop 
will be of little value. On the other hand, if most of the insects 
have reached the adult stage by the time the hay is harvested, they 
are likely to migrate to other crops and leave few hoppers to interfere 
with the new growth. 
SUMMARY 


Field observations in 1926 and 1927 indicated that several forage- 
crop legumes suffered severely from attacks of potato leaf hopper 
(Empoasca fabae Harris). 

In the United States the injuries caused by the leaf hopper to forage 
legumes appear to be worst throughout the clover belt and southward. 

Experiments were conducted at the Arlington Experiment Farm, 
Rosslyn, Va., and at the Illinois Agricultural Experiment Station, 
Urbana, Ill., to determine the symptoms and the extent of the injuries 
produced by them on several hosts. 

Plants in field plots and in greenhouse pot cultures were inclosed 
in duplicate cheesecloth or wire-netting cages. One cage was kept 
free from insects and the other infested with potato leaf hoppers. 
In these cage experiments there were included the following: Medium 
red clover (Trifolium pratense), white clover (7. repens), Ladino 
clover (7. repens latum), alsike clover (T. hybridum), zigzag clover 
(T. medium), alfalfa (Medicago sativa), sweet clover (Melilotus 
suaveolens), cowpea (Vigna sinensis), soy bean (Soja maz), lotus 
(Lotus corniculatus), and garden bean (Phaseolus vulgaris). 

Symptoms on legumes include the common tip and marginal 
browning known as hopper burn, as well as a conspicuous reddening, 
bronzing, and yellowing of leaves, petioles, and stems. There is 
usually a pronounced dwarfing of the plant, curling of leaves, and 
check in floral development. Symptoms vary somewhat on different 
hosts, and the characteristic response of each plant is described. 

Yields of hay or forage may be seriously reduced by leaf hoppers. 
It is evident from the studies that the leaf hoppers may be an im- 
portant factor in reducing or destroying stands of clover, alfalfa, and 
perhaps other forage crops. Seed production may also be decidedly 
restricted by them. 

The observations here reported further indicate that the damage 
caused to plants by this insect is the result of some disturbance of 
the metabolic processes of the plant due to injection of an enzyme 
or toxin, which apparently remains more or less localized. 

Some parts of a plant may be affected without evidence of injury 
to other parts. After a heavy leaf-hopper infestation plants have 
sometimes been observed to recover completely, but in many cases 
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the injury has proved to be permanent. A decided difference was 
observed in the degree of injury among the various legumes and also 
among different varieties within a species. In many cases greater 
resistance appeared to be correlated with more pronounced pubes- 
cense. Apparently, the susceptibility of a plant is largely accounted 
for by the preference of the insect for that individual, but some 
indications were noted of actual resistance within the plant to the 
injuries induced by this insect. 

Plants succumb to leaf-hopper injury most rapidly in hot, dry 
weather. The greatest damage was observed during periods of heat 
and drought. This was probably due somewhat to the greater 
susceptibility of the plants, but much more to the increased activity 
of the insects during such periods. During excessive rainfall, lower 
temperatures, and high humidity the hoppers rapidly decreased in 
numbers. 


The insects migrate when the food supply is limited, and a differ- 
ence of a few days in the date of planting or the time of cutting may 
noticeably influence the damage they cause to a crop. 
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FRUIT-BUD DEVELOPMENT IN THE TUNG-OIL TREE' 


By Cuas. E. Assorrt? 


Assistant Professor of Horticulture, University of Florida 


The Chinese wood-oil or tung-oil tree, Aleurites fordi Hemsl., 
was introduced into this country from China in 1905 by the Office of 
Foreign Seed and Plant Introduction of the United States Department 
of Agriculture. Of the genus Aleurites five species have been de- 
sc ribed, namely, A. fordi, A. cordata, A. moluccana, and A. trisperma. 

The investigations reported herein deal only with the species 
A. fordi, which is known in its native country as tung-shu or tung- 
yu-shu, literally, tung-oil tree. Commercially this is by far the most 
important species of the group, since it furnishes approximately 90 
per cent of the tung oil of commerce. 

The tung-oil industry of this country, which is limited to the 
Southern States, particularly to Florida, is of recent origin. The tree 
has not been long enough in cultivation in America for experience to 
demonstrate what cultural practices are best suited to insure high 
productivity. The various practices may be considered as affecting 
the crop in three rather distinct ways; they influence the growth of the 
tree, the differentiation of blossom buds, and the development of 
nuts from the blossoms. Consequently the outlining of a rational 
cultural program should include a knowledge of the time and condi- 
tions of differentiation of blossom buds. 


Work of this type on other orchard trees, such as the apple, the 
plum, and the peach, has yielded valuable results in that it has shown 
the possibility of adjusting methods of culture in such ways as to 
modify materially the quantity and possibly the quality of the crop 
of fruit. It is believed that the data presented in this report will 
afford the basis for similar adjustments in cultural practices with 
the tung-oil tree. 


REVIEW OF LITERATURE 


Goff (2, 3, 4, 5*) working with apples, cherries, cranberries, cur- 
rants, gooseberries, peaches, and strawberries, determined the time 
when differentiation of fruit buds occurs and traced the successive 
stages of development until the unfolding of the blossoms in the 
spring. He found that the time of differentiation, in the several 
fruits mentioned as grown in Wisconsin, ranged from June 30 to 


1 Received for publication Nov. 9, 1928, emeed June, 1929. This paper is a contribution neat the 
Florida Agricultural Experiment Station. It is adapted from a thesis presented to the faculty of the 
Michigan State College in partial fulfillment of the requirements for the degree of Master of Science. 
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J. W. Crist, and F. C. Bradford, of the Michigan State College, for suggestions in planning and conducting 
the investigations and for assistance in the ——— of the manuscript; to Prof. W. C. Dutton, of the 
same institution, for assistance in making the photographs; to Dean Wilmon Newell, of the University of 
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University of Florida, for laboratory materials and equipment. 

3 Reference is made by number (italic) to ‘‘ Literature cited,” p. 694. 
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September 20. In a comparison of apple varieties there was a varia- 
tion of as much as five weeks in the initial time of fruit-bud differ- 
entiation. The time of fruit-bud formation in the cherry and plum 
was also found to vary by several days in different years. Other 
investigators have reported subsequently the same conclusions. 

In the pecan Shuhart (8) and Isbell‘ report that differentiation 
of the catkin occurs early in the summer previous to blossoming, 
but the pistillate blossoms are not differentiated until a period in 
the spring shortly before they blossom. 

These citations are by no means a complete résumé of the litera- 
ture on the subject of fruit-bud differentiation and development in 
horticultural plants. Furthermore, they do not bear directly on the 
question as related to the tung-oil tree and are given merely to afford 
a general perspective of the field. Apparently no data are available 
on flower-bud differentiation in the tung-oil tree nor its related 
species. fi 

SOURCE OF MATERIAL 


The materials used in this study were collected from two groups 
of trees at Gainesville, Fla., one on the ground of the experiment 
station, which will be referred to throughout this publication as 
Group 1, the other belonging to a private grower which will be 
referred to as Group 2. 

The trees in Group 1 were grown from seed in 1914 and trans- 
planted to the present location in 1917. The soil is very sandy and 
slopes gently to the south. From 1917 until 1923 the trees were 
grown under very adverse conditions, being completely surrounded 
by Carolina cherry-laurel (Laurocerasus caroliniana) trees and re- 
ceiving no fertilizer and practically no cultivation. Since 1923 cul- 
tivation has consisted of one plowing during the late fall, followed in 
the spring by disking. During the remainder of the year the land 
is hoed frequently to keep down weeds. The trees have received 
annually an application of 5 pounds of fertilizer (ranging from 4-8-4 
to 6-8-5 mixture) per tree, applied about the middle of March. 
The terminal growth made during 1926 was comparatively short, 
ranging from 2 to 20 inches, with an average of possibly 7 or 8 inches. 

The soil on which the trees in Group 2 are growing is a light sandy 
loam. The trees are 4 years old and in 1926 each received two appli- 
cations of Peruvian guano, one in February and the other in July. 
A cover crop of crotalaria (Crotalaria striata) was grown during the 
summer. This crop was cut and disked under in early December. 
A second disking was given in March of the following year, and at 
this time the trees were mulched with mattress-factory refuse, which 
is composed largely of the outside pulpy portion of Spanish moss 
(Tillandsia usneoides L.) together with numerous small twigs that are 
removed during the process of ginning. These trees were very vigorous, 
making terminal growths ranging from 15 inches to 7 feet. 

Each sampling consisted of 60 terminal buds taken at random. 
The first samples were collected on April 19, 1926, from Group 1. 
Thereafter they were taken each week until September 3, and at 
2-week intervals from that date until December. During December, 
January, and February only three collections were made; these came 
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at intervals of four weeks. Beginning on May 3, 1927, and contin- 
uing through June, collections were again made one week apart. 
The first collection from Group 2 was made on July 31, 1926; 
thereafter and until March, 1927, on the same dates as those taken 
from Group 1. 
METHODS 


Standard histological methods were used in the preparation of the 
buds for sectioning and photographing. Killing and fixing were 
accomplished with picric acid and alcohol solution (1 gm. of picric 
acid per 100 c. c. of 50 per cent alcohol). Alcohol was employed in 
the dehydration, xylol in clearing, paraffin for embedding, and Dela- 
field’s haematoxylin in staining. A rotary microtome was used in 
sectioning and sections were cut at 12 microns. 


PRESENTATION OF DATA 


In this investigation fruit-bud differentiation was considered to 
have begun when longitudinal sections of the terminal bud showed 
an elongating growing point with concurrently developing lobes. 
(Fig. 2, B.) Early progress in the vegetative bud from trees of non- 
bearing and bearing age is shown in Figure 1. The first evidence of 
inflorescence differentiation in 1926 appeared in material collected 
from the trees in Group 1, June 14. Figure 2, A and B, represent 
two stages of buds collected on that date. The broadening or flat- 
tening of the growing point is shown in A, a stage that might be 
termed the “ predifferentiation”’ stage. This stage is very similar to 
that observed by Waldo® in his study of the strawberry. Figure 2, B, 
shows the first inflorescence differentiation with potential branches of 
the flower cluster on either side of the central axis, and Figure 3 
shows later developments. Figure 4, A and B, illustrating materials 
collected July 10, shows an early stage in the development of indi- 
vidual female and male flowers. Figure 4, A, shows an early stage 
of the pistillate flower with sepals, petals, staminodia, and pistil 
primordia in the center, while Figure 4, B, shows an early stage in 
the development of the male flower with sepals, petals, two sets of 
stamens, and a flattened central portion, indicating that the stamens 
are not all differentiated. The difference in the length of the central 
axis of the male and female flower cluster, which continues throughout 
the development of the bud, is clearly evident at this stage. 

By July 17 considerable development had taken place, as is shown 
by Figure 5, A and B. Further development of the pistillate and 
staminate flowers is shown in Figures 6 to 8. The crown or central 
growing axis had divided, showing advancement in the growth of 
male and female flower parts. In the male ‘flower, Figure 5, B, the 
sepals are well advanced, the stamens are individually distinct, 
while the petals, yet in a very embryonic state, appear as pointed 
projections. In the female flower, Figure 5, A, the pistil primordia, 
with a small cavity representing early locule development is clearly 


5 WALDO, G. F. FRUIT BUD DIFFERENTIATION AND GROWING HABITS IN CERTAIN TYPES OF STRAW- 
BERRIES. 1926. [Unpublished thesis. Copy on file Mich. State Agr. Col.} 
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FIGURE 1.—A, Vegetative bud from a nonbearing tree 18 months old; compare with Figure 1, B, C, 
and D, June 14; B, very early vegetative stage of a bud, from a tree of bearing age, which would 
apparently have become a fruit bud, April 17; C, progress of development of a bud like that 
shown in B by May 28; D, development of the vegetative parts of a bud like that shown in 
B, slight broadening of the growing point is apparent, June 5. X 8 
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FIGURE 2.—A, Bud from a tree showing a broad, flat growing point at what is considered to be 
the predifferentiation stage, June 14; B, a very early stage of fruit-bud differentiation, evi- 
denced by the growing point becoming elongated and the lobes advancing on the crown, 
June l4. X8 

















FIGURE 3.—A, Bud as it appeared the second week after differentiation, June 20; B, an early stage 
in the branching of a flower cluster, June 26; C, the first differentiation of individual flower parts 
in a bud; rudimentary sepals appear on either side of the tip of the central axis, July 3. X 6.5 
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FIGURE 4 








A, Anearly stage in the development of a pistillate flower; the sepals, petals, staminodia, 
and pistil primordia are now evident; B, an early stage in the development of a staminate flower; 
the sepals, petals, and two sets of stamens are evident; not all the stamens are differentiated, as is 
evidenced by the blunt central portion of the growing point. i 


clusters, July 10. Xx 8 


A comparison between A and B 
will show the difference in the elongation of the central axis of the male and female flower 











FIGURE 5. 








A, Pistillate flower which shows an early stage of locule development near the upper por- 


tion of the pistil primordia; B, staminate flower with stamens well advanced; a continued differ- 
ence in elongation of the central axis of the two flower clusters is evident, July 17. 


x8 
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evident. Between the base of the pistil primordia and the rudi- 
mentary petals can be seen staminodia, which rarely develop beyond 
this stage, as is evident upon comparison with Figure 9, A. 
Collections made between July 17 and October 2 (figs. 6 and 7) 
show in general a progressive increase in size of bud and a general 
filling out of flower parts already formed. However, little change 
took place in the individual pistillate flower, other than a slight 
increase in size of parts already laid down, the pistil remaining in 

















Ficure 6.—A, Pistillate and staminate flowers developing in the same bud; B, a staminate flower, 
showing ce greater difference in elongation of the central axis of male and fen vale flower clusters; 
C, a cross section taken through the ovary of a pistillate flower, July 31. X 8. 


an undeveloped condition and the petals only slightly larger than 
they were on July 16. The pistillate flower is in this condition when 
development practically ceases, and the flower parts pass through the 
winter inclosed by bud scales, the outer of which are cemented by 
an exudation of yellowish-brown resinous material that fills the 
spaces between the individual flower buds of the cluster. 
No great amount of development took place between October 

and February 5. (Fig. 8.) Shortly before the flower buds begin 
to unfold growth is resumed and changes take place very rapidly in 
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Ficure 7.—A, A female flower with several branches in the same plane which show male flower 
development August 14; B, a male flower showing an advanced stage of development and ex- 
treme elongation of the central axis, August 28; C, a male flower which has shown little advance- 
ment in development after the stage shown in B, October 2. X 8 
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FicureE 8.—A, A female flower at the stage of development reached before winter, November 13, 
1926; B, cross section of the pistil near the base of the ovary, made from the same flower, Novem- 
ber 13, 1926; C, pistillate flower which shows little change having taken place during the winter, 
February 5, 1927; D,astaminate flower which shows little change has taken place during the 
winter, February 5, 1927. xX 8 
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FiGuRE 9.—A, A pistillats flower shortly before unfolding and which shows ovule development; B, a 
staminate flower shortly before unfolding and which shows anthers and pollen grains; C, cross 
section of the ovary of a flower which shows ovule development; D, cross section of a staminate 
flower which shows anthers with pollen grains, March 2, 1927. x 8.4 
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all parts of the individual flower. This is shown by comparing 
Figure 8, C and D, with Figure 9, A and B, which illustrates the 
stage of development reached by individual male and female flowers 
on March 2. 

Budscollected in August in Group 2 (fig. 10) did not show differentia- 
tion. The first material from treesin this group to show fruit-bud differ- 
entiation was collected October 2. At this time, as is evident in Figure 
11, A, the central axis is well extended and distinct branching of the 
flower cluster is evident. The calyx of the central or terminal flower 
is very conspicuous. On the inner side near the base of the calyx are 
small rounded protuberances, indicating the initial petals and stamens 
or staminodia in the case of pistillate flowers. The stage of develop- 
ment at this time (October 20) indicates that differentiation started 
late in September. The development of the buds for the first eight 
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FIGURE 10.—A, Bud from a tree in Group 2 which shows no sign of differentiation, August 14, 1926; 
B, bud taken from a tree in Group 2 which shows a slight flattening of the growing point which 
occurs shortly before differentiation takes place, August 28, 1926. x8 





weeks after differentiation was far more rapid than the development 
of those from Group 1 that were differentiated in mid-June. Although, 
as shown by Figure 11, C and D, the buds continued to grow and 
develop until late in December, the rate of growth after November 
13 was very much slower than during the earlier stages of develop- 
ment. The changes in development can be seen by comparing Figure 
11, B, with Figure 11,C and D. In the flower shown in Figure 12, A, 
there is no evidence of growth during January. 

Some signs of immaturity were noticed in Group 2 when material 
was collected on December 10 and January 8. On December 10, 
1926, the trees retained almost full foliage, but approximately 60 
per cent of the leaves (those toward the base of the current wood) 
showed yellowing preparatory to falling. On January 10, 1927, 
many leaves which had been killed by frost in late December were still 
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FiGuRE 11.—A, Fruit-bud differentiation is shown well advanced and an early stage of individual 
flowers and flower parts is evident in this bud from Group 2, October 2, 1926; B, pistillate flower 
showing the rapid development which has taken place since October 2, November 13, 1926; C, pis- 
tillate flower showing a further continuation of the development evidenced in B, December 10. 1926; 
D, cross section of a pistillate flower which shows locules, December 10, 1926. x 8 
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clinging to the terminal portion of the branches, and wherever this 
condition exists the buds as well as the terminal portion of the wood 
were in a slightly soft or wilted condition, indicative of immaturity, 
though no particular injury from cold could be noted when growth was 
resumed in the spring. 

In sectioning it was found that a much higher percentage of pis- 
tillate flowers had been produced on the trees in Group 2 than was 
found in the material from Group 1. This observation is in line with 
results reported by Gardner (/) concerning sex development in 
strawberries. 

The first indication of fruit-bud differentiation in 1927 was found 
in material collected from Group 1, May 10. Figure 12, B, shows 
differentiation well under way on May 17, and Figure 12, C, shows 
that the stage of development on May 30 was as far advanced as 
that of material collected July 17 (fig. 5) of the previous year. Fur- 
thermore, the rate of development was much more rapid than it 
was in the first buds to differentiate during 1926. The appearance 
of pistillate and staminate flowers is illustrated in Figure 13. 

The date of differentiation seems to differ considerably from year 
to year, probably as a result of variations in the time of slowing down 
of shoot growth. A checking of vegetative growth may be brought 
about by a number of factors such as a shortage in the amount of 
available soil moisture, the lack of continuous nutrient supply, 
method of cultivation, whether sod or clean, the tax of a developing 
crop of nuts, ete. 

Table 1 shows that moisture conditions were strikingly similar in 
1926 and 1927 immediately preceding the period of fruit-bud formation 
and indicates that the difference in time of differentiation in the two 
seasons was probably due to the drought in April and May in the spring 
of 1927. 


TABLE 1.—Rainfall in the Gainesville (Fla.) area for the first sit months of 1926 
and 1927 








Rainfall in— ‘| Rainfall in— 

Month ee analy Month ae l a cael 

1926 1927 1926 | 1927 

Inches | Inches | Inches | Inches 
January ‘ J 5. 59 0.19 |} April 4.51 0. 46 
February -_. ‘ S : 1.42 5.78 || May 1. 60 - 46 
March 4.93 | 2. 33 || June. wiebamidn | 8. 84 10. 53 

DISCUSSION 


Although a large part of the fruit buds differentiate in late June 
and in July, the data herein presented show that differentation may 
occur at any time between May 10 and October 1, depending upon 
weather, cultivation, and varying nutritive conditions. The vari- 
ation in time of floral differentiation in the two lots of trees is probably 
due to differences in vegetative vigor and prolongation of vegetative 
growth. As previously stated, the trees in Group 2 were decidedly 
vegetative, delaying differentiation until late in the summer. 

The observations made during this study indicate that the soil- 
moisture supply has a rather definite influence upon the time of fruit- 
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FIGURE 12.—A, Pistillate flower from a tree in Group 2 which shows that little change has taken 
place in the size of the flower parts during December and January, February 5, 1927; B, bud col- 
lected during the 1927 period of flower-bud differentiation which shows differentiation well under 
way with signs of flower-cluster branches, May 17, 1927; C, pistillate flower collected during the 


1927 period of flower-bud differentiation which is as far advanced as those collected July 1, 1926, 
May 30, 1927. X8& 
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bud differentiation in the tung-oil tree. While it was not possible to 
compare irrigated and nonirrigated trees, the results obtained during 
the two seasons (spring of 1926 and spring of 1927) indicate that an 


FIGURE 13.—A, Pistillate flowers of the tung-oil tree; the number of petals varies from 5 to 9, but 8 
is by far the most common number in the female flower; B, staminate flowers of the tung-oil tree; 
the number of petals varies from 5 to 8, but 5 is the most common number in the male flower. 
24 natural size 


increased amount of soil moisture tends to retard fruit-bud differ- 
entiation. 

The relation between soil moisture supply and time of fruit-bud 
differentiation observed here in the tung-oil tree is in line with findings 
of other investigators with various fruit crops. Thus, Kirby (6, p. 
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265) in his work with apples grown under varying conditions, says: 
“The amount of soil moisture is a very important if not the chief 
external factor in determining the time at which flower buds form.”’ 
Wiggans (9), working with pear and apricot, found that irrigation 
had a retarding influence on fruit-bud differentiation and dev elopment, 
while Kraus and Kraybill (7) in their work on tomatoes say: “With- 
holding moisture from plants grown under conditions of relative 
abundance of available nitrogen results in much the same condition 
on fruitfulness and carbohydrate storage as the limiting of the supply 
of available nitrogen itself.”’ 

Perhaps the most serious objections to prolonged summer growth 
and late differentiation is the lack of time the tree has properly to 
develop fruit buds and to mature the terminal portions of the wood 
sufficiently to pass the winter without frost injury. 

The large percentage of female flowers found in material collected 
from trees in Group 2 compared with the number produced on trees in 
Group 1 is probably due largely to nutritive conditions. Gardner 
(1) in his work with strawberries found ‘‘in most cases * * * 
femaleness was associated with vigorous growth and good growing 
conditions generally while maleness or hemaphroditism was associated 
with less rapid growth and more unfavorable growing conditions.”’ 
The data that were obtained incident to this study are not conclu- 
sive in this respect, but they at least suggest the desirability of keep- 
ing the trees in a he wt ce vigorous condition and thus delaying 
the period of inflorescence differentiation with the object of pro- 
moting the formation of pistillate flowers and preventing irregular 
bearing due to an alternation of unisexual and bisexual flowering 
years. 

SUMMARY 


Fruit-bud differentiation in the tung-oil tree was found to occur 
at any time between May 10 and October 1, with the majority of the 
buds differentiating during the latter half of June. 

Inflorescence differentiation in 1926 was clearly evident by June 
14, and in 1927 by May 10. 

The early blossom-bud formation in 1927 indicates that the time 
of differentiation is hastened materially by a shortage in the amount 
of available soil moisture. 

With the two plots of trees the time of differentiation varied with 
the vigor of the trees; those that were growing vigorously differ- 
entiated floral parts later in the season than those of less vigor. 

The indications are that the percentage of pistillate flowers 
depends upon the vigor of the tree, more female flowers being pro- 
duced on trees making vigorous growth than on trees showing less 
vigor. 
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EFFECT OF LIME MATERIALS ON THE OUTGO OF SUL- 
PHUR FROM HAGERSTOWN SILT LOAM SOIL! 


By W. B. Extert, Chemist, and H. H. Hiwu, Associate Chemist, Virginia Agricul- 
tural Experiment Station 


INTRODUCTION 


Sulphur is present in soil in different quantities which usually vary 
with the different geological horizons from which the soil is derived 
and with the type of agriculture pursued. Sulphur may exist in soil 
as sulphates, sulphides, and in combination with any organic matter 
that is present. The amount of sulphur in plants is usually less than 
0.5 per cent, and only small quantities of this element are returned to 
the soil unless an entire crop is turned under. 

Sulphur may be added to the soil by snow and rain, the amount 
brought to the surface by these agencies depending upon the prox- 
imity to industrial plants using coal for fuel. In many cases the sul- 
phur added in this manner may replace that which is lost through 
drainage. It is very necessary that an adequate supply of sulphur 
be furnished the soil in order that it be available for the important 
protein molecule of which it is a part. Sulphur is present in cystine 
and in other amino acids believed to be essential to certain physi- 
ological processes in the animal body. Plants may also contain 
volatile sulphur compounds including glucosides. Sinigrin is an 
example of such a compound, which, on decomposition in the soil, 
yields mustard oil, glucose, and potassium sulphate. 

Sulphur in the soil may be oxidized or reduced by microorganisms, 
and the transformation of sulphur is now generally recognized as a 
biological process. When the sulphur of the soil is oxidized to sulphate 
it serves as a plant food and may help to maintain a proper physi- 
ological balance between the various salts that constitute the food 
supply of plants. The sulphates commonly occurring in soils are 
soluble in water and may be lost in the drainage as salts of certain 
metals. 

Modern fertilizer practice calls for the renewal of the plant-food 
elements taken from the soil by crops or lost by drainage. The 
application of commercial fertilizers takes care of these losses. How- 
ever, the concentrated materials used to furnish nitrogen, phosphorus, 
potassium, and calcium may not contain sulphur, in which case it 
would be necessary to supply this element unless an adequate supply 
were brought to the soil by atmospheric agencies or added in the form 
of organic matter. 





1 Received for publication Jan. 29, 1929; issued June, 1929. 
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GENERAL PLAN OF THE INVESTIGATION 





This investigation had for its object the determination of the loss 
of sulphur by drainage, its addition by means of certain atmospheric 
agencies, and the changes brought about by the addition of organic 
matter and lime from several sources. 

_ results presented in this paper cover a 6-year experimental 

eriod. 

. REVIEW OF PREVIOUS INVESTIGATIONS 


Hart and Peterson (4),? investigating the sulphur requirements of 
farm crops, found sulphur to be one of the necessary elements of 
plant food. Their results show that soil continuously cultivated for 
50 to 60 years without the addition of sulphur compounds lost on an 
average 40 per cent of the sulphur trioxide originally present as com- 
pene with that in virgin soils. Where farm manure was applied in 
iberal amounts the sulphur content was maintained and even in- 
creased. The total sulphur trioxide precipitated with the rain 
amounted in five months to 11.7 pounds per acre. The amount pre- 
cipitated annually was placed at from 15 to 20 pounds per acre. The 
losses by drainage based on analyses of the drainage waters at Roth- 
amsted, England, and on an annual drainage of 10 inches, amounted 
to about 50 pounds per acre annually. 

From the data presented these investigators conclude that for 
increased production of farm crops, systems of fertilization must be 
adopted that will supply sulphur to the soil in sufficient quantities to 
compensate for the losses through cropping and drainage. The 
sources of this element may be farm manures, superphosphates, 
= sulphate, sulphate potash, gypsum, and elemental 
sulphur 

Shedd (7), who has worked on representative soils from every 
geological area in Kentucky, found that in nearly all cases constant 
cultivation without manuring resulted in a loss of sulphur. In many 
cases this loss was very large when compared with the quantity 
present in the corresponding virgin soil. There was a variation in the 
sulphur content of the virgin and cultivated surface and subsoils from 
the several geological areas and even within the same area. As a 
general rule, the better agricultural areas showed a higher sulphur 
content. The virgin and cultivated surface soils as a rule contained 
more sulphur than their respective subsoils. Shedd concludes that 
more sulphur is probably lost by drainage than is added in the rainfall 
and that in order to make up this loss it is necessary to add to the 
soil some material containing sulphur. 

Lyon and Bizzell (5, p. 72-79), in their lysimeter investigations at 
the Cornell University experiment station, made determinations of 
sulphur regularly in the drainage water and in the crops grown. The 
annual average sulphur outgo ranged from 31 to 62 pounds per acre. 
The sulphur removed was considerable, ranging from three to six 
times that removed by crops, and the ratio varied with the soil treat- 
ment. Cropping failed to conserve sulphur as it does with nitrogen. 
There appeared to be a uniform conversion of sulphur into sulphuric 
acid in planted and bare soil, and this was found to be sufficient for 
the needs of the plant. The application of sulphur as potassium 


2 Reference t is made by number (italic) to ‘‘ Literature cited,”’ p. — 
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ee did not result in an increased crop yield. The application 


of burnt lime gave an increase in the quantity of sulphur leached. 
This increase amounted to 9.1 pounds per acre and the biological 
processes of oxidation appeared to be stimulated by the presence of 
a sufficient quantity of lime, as is the case with nitrate formation. 

Experiments conducted by Hanamann (3) with lysimeters show 
that between April 1 and October 30 the sulphur in the drainage was 
44 pounds per acre from a basalt soil and 37 pounds from an alluvial 
soil. The soils were kept free from vegetation during this period. 
With a second set of lysimeters maize and red clover were grown. 
The outgo of sulphur under maize was 29 pounds and under red clover 
15 pounds. 

MaclIntire and Young (6) made quarterly analyses of rain water 
collected at 10 different points in Tennessee and found that on an 
8-year average the annual soluble sulphate sulphur precipitation at 
University farm, on the outskirts of Knoxville, was 51.5 pounds per 
acre. The 7-year average in the heart of the city of Knoxville was 
94.5 pounds, while a 2-year average 7 miles from Knoxville was 18.6 
pounds. The authors point out that most of the soluble sulphates 
found in the rain waters had been dissolved from solid matter and 
that the volume discharged into the atmosphere is the primary fac- 
tor governing the concentration of sulphates in the rain water. 

Erdman (2) collected samples of rain and snow during the years 
1920 and 1921 on the agronomy farm of the Iowa Agricultural 
Experiment Station located 2 miles south of Ames, Iowa, and re- 
corded a rainfall of 38.17 inches. The amount of sulphur added to 
the soil in the rain and snow amounted to 18.34 pounds. Comparing 
monthly data for sulphur, he found that the largest amount of sul- 
phur was brought to the soil from March to October when conditions 
were most favorable for the bacteria which decompose organic matter. 
Fairly constant amounts of sulphur were found in the rain water for 
the spring, summer, and fall months, with the exception of July, 
when only 0.40 pound of sulphur per acre was found. 

Eaton and Eaton (/) compared the sulphur content of the rain 
water taken at Chicago, Ill., with that taken at Liberty, Ind., repre- 
senting a typical agricultural community, and found that the amount 
of coal consumed in a locality clearly influences the amount of sul- 
phur present in the rain water. The rain falling near Liberty con- 
tained for the year less than one-fifth as much sulphur as was found 
at Chicago. Data are presented to show that the sulphur added to 
the soil by rain varies directly as the rainfall, but the percentage sul- 
phur content of the rain varied inversely with the amount of rain 
falling. In conclusion, these investigators find that in agricultural 
sections where much soft coal is burned the sulphur brought down in 
the rain may materially supplement the sulphur of the soil and thus 
delay a sulphur deficiency. That this can only be a delay is indi- 
cated by the small amount of sulphur in the soil, the large amount 
lost in drainage, and the large amount used by crops. 


LYSIMETER EQUIPMENT 


In 1922 there was installed at the Virginia Agricultural Experiment 
Station a series of lysimeters for the purpose of studying the income 
and outgo of the plant-food elements of the soil. These additions 
and losses are measured by analyzing the rainfall from a rain gauge 
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and the leachings which pass through known depths of soil in separate 
soil rims the area of which is known. Tanks of 30-liter capacity are 
provided to hold the drainage from the rims. 

The equipment consists of a concrete pit surrounded by 63 soil rims 
so constructed that the drainage from each rim can pass through the 
concrete wall of the pit in block tin tubes into receiving tanks located 
inside the pit. The lysimeters are located on a terrace, a situation 
which is advantageous for the disposal of all waste water and allows 
easy access to the pit. The inside dimensions of the pit are as follows: 
Length, 43 feet; width, 7 feet; and height, 7 feet. 

The walls of the pit are constructed of reinforced concrete 9 inches 
thick at the base and 6 inches thick at the top. The roof is slightly 
arched and is constructed of reinforced concrete 5 inches thick. On 
the end and sides of the inside walls of the pit are heavy oak plat- 
forms on which are placed the tanks for holding the leachings. These 
receiving tanks are made of heavy galvanized iron and have a top 
through which the leachings pass and which is removable, so that the 
contents may be accurately weighed on a balance so arranged that 
it may be moved the entire length of the pit on a track. 

The soil rims are cdnstructed of heavy Toncan iron, with bottoms 
having an opening one-half inch in diameter to which the block tin 
tubes are Ba cs § This opening is covered with a fine copper-wire 
screen and over this, covering the bottom of the rim, are placed 
three layers of pure quartz, the coarser layer being at the bottom. 
These layers of quartz act as a filter bed and prevent fine particles of 
soil from passing into the tanks which hold the leachings. The rims 
are of three depths, 1 foot, 2 feet, and 4 feet. The area of the rims is 
one-sixteen thousand five hundreths of an acre. 


SOIL 


The type of soil used in these experiments is what is known as the 
Hagerstown silt loam, according to the classification of the Bureau 
of Chemistry and Soils, United States Department of Agriculture. 
These soils are considered very produetive and are loams and clay 
loams containing cherty material of different sizes. The soil with 
which the rims were filled was light gray and ranged in depth from 
6 to 10 inches, being underlain by a reddish yellow clay subsoil. 
The several types of soil classified in the Hagerstown series are derived 
from the Shenandoah limestone which outcropped in the field from 
which this particular sample was taken. 


EXPERIMENTAL PROCEDURE 


In filling the rims with soil an attempt was made to place the soil 
in approximately the same position as it was found in the field. The 
soil and subsoil were removed in four layers as follows: 0 to 8 inches: 
8 to 20 inches; 20 to 32 inches, and 32 to 44 inches. 

In all of the 1-foot rims, soil to a depth of 8 inches was used. The 
2-foot rims received weighed amounts of subsoil taken from the 8 to 
20-inch layers and also 8 inches of topsoil. To the 4-foot rims equal 
amounts of subsoil from 8 to 44 inches were ara in the rims and 
covered with 8 inches of topsoil. 

The surface soil was screened through a one- fourth inch seive and 
thoroughly mixed before it was placed in the rims. The subsoil was 
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rendered free of all stones and coarse material before it was put in 
the rims. 

The lime materials used in these experiments were marl, limestone 
dolomite, oyster shells, burnt limestone, burnt dolomite, and syn- 
thetic burnt dolomite. 

In preparing the synthetic burnt dolomite, pure calcite and mag- 
nesite were used. After the proportions had been adjusted the mix- 
ture was ignited in a muffle furnace, the resulting product having a 
value approaching that of a theoretical burnt dolomite. The lime 
materials were applied at the rate of 2 tons per acre. These applica- 
tions were made on the basis of calcium carbonate equivalent. 

The series of rims to which organic matter was applied received an 
addition of red-clover hay equivalent to 12 tons per acre. 


EXPERIMENTAL WORK 


The rims were filled on April 12, 1922, and the soil was allowed to 
settle until August 29, when the lime materials and organic matter 
were applied. This time interval is necessary in a soil of this type, for 
it is liable to fissure badly, which results in an uneven percolation of 
the rainfall. 

Aliquots of each rainfall were taken, and these made up the com- 
posites of the annual samples. The aliquots represented one-fiftieth 
of each rainfall. This amount is amply sufficient for Blacksburg, Va., 
with a 28-year average annual precipitation of 41.02 inches. The size 
of the aliquots may be varied to accommodate the number and kind 
of determinations to be made on the annual samples. 

The average annual precipitation for the 6-year period covered in 
this paper was 38.63 inches. In the 1-foot series 10.18 inches passed 
through the soil, or a percolation of 26.35 per cent. The 2-foot series 
gave a percolate of 9.43 inches or 24.41 per cent, and the 4-foot series 
gave 8.58 inches or 22.21 per cent; therefore, it will be seen, the 
amount of water percolating through the soil diminished with the 
depth of soil and subsoil. 

About one-third of the annual percolation was obtained during the 
months of December, January, and February. During this period 
practically all of the accumulated nitrate nitrogen was washed from 
the soil. The sulphate sulphur probably followed the same course 
but to a slightly diminished degree. In 1925 and 1926 droughts 
occurred, and the small amount of rain that fell during these periods 
materially affected the outgo of sulphur, especially in the soil rims 
having a given depth of subsoil. 

All of the soil treated, including the controls, maintained an alka- 
line reaction over the 6-year period. This was also true of the water 
samples taken from the rain gauge, and indicates that the sulphur 
brought down by atmospheric agencies was in combination with ies, 
as the dust particles of the atmosphere in the vicinity of the lysimeters 
contained alkaline particles, revealing the presence of calcium car- 
bonate. The presence of this basic material was more than sufficient 
to neutralize any acid produced by the sulphur compounds of the 
atmosphere in this locality. 

The effects produced by the incorporation of clover together with 
lime in its several forms in Hagerstown silt loam soil are shown in 


Table 1. 
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TaBLe 1.—Annual outgo of sulphur over a 6-year period from Hagerstown silt 
loam soil; lime applications made on a 2-ton basis, CaCO; equivalent 


[Results expressed in pounds per acre] 
WITH ORGANIC MATTER 


. Rim 
Treatment No. 
Rain gauge. | 49 
1-foot lysimeters: | 
Control. 45 
Marl 8 
Limestone | i) 
Dolomite. 10 
Oyster shells. _- 11 
Burnt limestone 12 
Burnt dolomite. . 13 
Synthetic burnt dolomite. 14 
2-foot lysimeters: | 
Control...  - 
Marl. : | 22] 
Limestone 23 
Dolomite-.- 24 
Oyster shells. 25 
Burnt limestone 26 
Burnt dolomite- 27 | 
Synthetic burnt dolomite- 28 
4-foot lysimeters: 
Control... 64 
Marl 57 
Limestone 58 
Dolomite 59 
Oyster shells 60 
Burnt limestone 61 
Burnt dolomite. 62 
Synthetic burnt dolomite. 63 


Outgo 
1923 | 1924 | 
14.38 | 17.00 | 
| 
11.35 | 21.63 | 
15.73 | 21.53 | 
21.12| 15.71 
11.71 | 17.57 
18.77 | 24.47 
17.36 | 19.00 | 
18.33 | 28.91 | 
22.61 | 24.23 
16.33 | 17.81 
9.91 | 14.76 
9.63 | 10.03 
12.92 | 13.99 
12.98 | 11.20 
13.00 | 9.17 
10.01 | 10.17 
11.98 | 11.10 
6.26 | 3.09 
10.95 | 2.19 
13.93 | 2.12 
24.07 | 7.77 
9.74} 3.21 
27.72 | 8.38 
19.12| 4.04 
14.45 | 7.46 








of sulphur during— | Total 

sul- 

| phur 

1925 1926 1927 1928 | outgo 
8. 20 14. 38 27. 40 19. 86 101, 22 
10. 76 6. 52 15. 92 14. 02 80. 20 
16. 26 7. 23 34. 90 23. 57 119. 22 
17. 89 8.20 | 34.58 | 22.10} 119.60 
14. 04 9. 22 34. 27 21. 01 107. 82 
18. 75 9.55 | 33.98 | 23.88 | 126.40 
15. 40 7. 20 34. 49 19. 05 112. 50 
15. 54 7. 93 33. 95 21. 02 125. 68 
17. 06 42 33. 94 21. 62 127. 88 
12. 39 3. 36 14.43 | 18.20 82. 52 
16. 03 6.40 23. 13 21. 39 91. 62 
17. 76 6.31 19. 53 21. 06 $4. 32 
14. 85 7.04 20. 91 21.12 90. 83 
15. 12 } 5. 21 29. 49 20. 85 94. 85 
12.82; 7.15 21. 81 21. 33 85. 28 
15.11 | 8.63 23. 10 21. 06 88. 08 
14. 95 | 5. 34 23. 37 21. 24 87. 98 
2.68 7.83 3. 42 1, 35 24. 63 
1, 74 7. 68 4. 05 90 27. 51 
2.43 | 6.18 3. 85 1, 57 30. 08 
1.51 6. 47 4. 33 1. 35 45. 50 
1. 80 | 9. 96 3.94 1. 58 30. 23 
2.26; 9.83 4. 22 1.13 53. 54 
2.33 | 5.45 3. 93 1. 36 36. 23 
2.19 8. 62 4.40 1, 58 38. 70 








WITHOUT ORGANIC 





1-foot lysimeters: | 


Control. . ‘ 45 
Marl. | 1 
Limestone. - . .... | 2 
Dolomite 3 
Oyster shells. 4 
Burnt limestone____ 5 
Burnt dolomite - - 6 
Synthetic burnt dolomite 7 


2-foot lysimeters: 


Control. - - 43 
Limestone : ‘ 16 
Dolomite - 17 
Oyster shells. 18 
Burnt limestone 19 
Burnt dolomite - - - 20 
Synthetic burnt dolomite 21 
4-foot lysimeters: 
Control. 64 
Marl. 15 
Limestone. 51 
Dolomite - 52 
Oyster shells. 53 
Burnt limestone - ane 54 
Burnt dolomite - - ? 55 


Synthetic burnt dolomite 56 
Rainfall (inches) - -- = 


* Clover hay equivalent to 12 tons per acre. 
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3. 36 14. 43 18. 20 82. 52 
5.7 19.87 20.31 75. 21 
7.92 25.60 19.80 81. 50 
7.60 | 24.94 21.23 86. 80 
7.80 | 23.72 | 20.27 80. 10 
8. 27 15.89 20.40 74. 52 
3.7 19.48 20.18 65. 44 
7. 83 3. 42 1.35 24. 63 
12. 51 3. 94 1.12 35. 27 
4.25! 3.94 1, 34 14. 68 
1. 96 3. 36 1. 34 13. 57 
1.15 3. 04 1.12 13. 68 
5. 21 3. 65 1. 35 30. 37 
5.19 3. 94 - 90 42. 21 
5. 57 4. 78 1,13 31. 56 
35.25 44.77 | 43.82 


The rain gauge over a 6-year period gave an annual average outgo 
of sulphur amounting to 16.87 pounds per acre. The low annual 
precipitation in 1925 reduced the outgo of sulphur by more than 


one-half the average, that is, to 8.20 pounds. 


The rain gauge shows 


an increase of 21.02 pounds per acre over the control rim of the 1-fo¢ 


series. 
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In the 1-foot rims a 12-ton application of clover hay apparentl 
exerted no marked influence on the outgo of sulphur from the ill. 
In certain instances the clover hay applied gave higher amounts of 
sulphur in the leachings, but this increase was not consistent through- 
out the entire series. 

An increase in the outgo of sulphur from the series that received 
an application of clover hay is shown the first two years of the experi- 
ment when compared with the series that received none. After the 
first two years there was very little difference between the two series. 
During the years 1927 and 1928 the rims which received clover hay 
closely approached in sulphur leached the series which received an 
application of lime materials only. The outgo of sulphur in the 
two groups of experiments with 1-foot rims is practically the same. 

The results from the 2-foot rims receiving an application of clover 
hay show that during the drought years of 1925 and 1926 a diminu- 
tion in sulphur outgo was apparent. Especially was this true during 
the conmnl ail of this period. This depression of sulphur was just 
as pronounced in the 2-foot rims which did not receive the clover 
treatment. 

The organic matter applied increased the sulphur leached from the 
2-foot rims in certain instances. The range was 1.80 pounds with 
limestone to 12.33 with oyster shells. The addition of 1 foot of sub- 
soil to the rims showed its effect on the sulphur outgo. The average 
annual increase of all treated rims over the control in this series was 
6.47 pounds of sulphur. The sulphur added by rain and snow was 
greater in all cases than that removed by the drainage. 

The addition of clover hay together with lime materials in 4-foot 
rims increased the sulphur outgo when compared with that from the 
control rim. With this depth there was a material increase of 
sulphur in the leachings the first year of the experiment. In 1924 
dolomite, burnt limestone, burnt dolomite, and synthetic burnt 
dolomite gave slight increases of sulphur leached. The drought in 
1925 affected all of the treated rims, the amounts leached being less 
than from the control. In 1926 the amount of sulphur increased 
in the leachings, the greatest increase being shown by the rims 
which received oyster shells, burnt limestone, and synthetic burnt 
dolomite. The results in 1927 show that the treated rims gave 
practically the same amount of sulphur leached as was shown by 
the control. The same conditions prevailed in 1928. In _ these 
deeper rims the loss of sulphur was much less than was added in the 
rainfall. 

Lime applications with organic matter in 4-foot rims over a 6-year 
period gave a greater sulphur outgo than the control. When com- 
pared with the control rim, the maximum loss of sulphur was given 
by the burnt-lime treatment, or 28.91 pounds. The dolomite treat- 
ment gave the next greatest loss, or 20.87 pounds. 

Among the 1-foot rims which did not receive an application of 
clover hay the outgo of sulphur was rather uniform for all that had 
an application of lime materials, but the drought period of 1925-26 
reduced the outgo of sulphur during the second half of this period, 
although the total rainfall was greater. In 1925, the first drought 
year, all of the leachings were obtained between November and 
February, the period of least biological activity and of greatest 
leaching. In 1926, the second half of the drought period, when the 








704 Journal of Agricultural Research Vol. 38, No. 12 





sulphur outgo was extremely low, all of the leachings were obtained 
after January. The evaporation after January would materially 
affect the total amount of water passing through the soil. 

The minimum effect of lime materials in 1-foot rims was shown 
in the case of the rim that received 2 tons of oyster shells, after 
deducting the amount of sulphur that passed through the control rim. 
This amounted to 29.23 pounds of sulphur per acre. Marl gave the 
maximum outgo, or 43.61 pounds per acre more than the control. 
At this depth the biological processes which transform sulphur in the 
soil appeared to be stimulated by applications of lime. 

The leachings from all depths were alkaline during the entire experi- 
mental period. This was true of the rain water, control, and treated 
rims. The amounts of calcium and magnesium in the rain water 
would maintain this alkaline condition, and it is believed that the 
sulphur contained in the leachings is combined with the calcium to 
form calcium sulphate. ; 

In the 2-foot rims receiving lime materials only, the addition of 1 
foot of subsoil materially diminished the outgo of sulphur from the 
soil. The rain gauge gave an increase of 18.70 pounds of sulphur 
when compared with the control rim. The total amount of sulphur 
in the rain water for six years was much greater than that of any of 
the treated rims. 

The rim which received an application of synthetic burnt dolomite 
had an outgo of 35.78 pounds of sulphur less than that of the rain 
gauge. The maximum outgo of sulphur was shown in the rim which 
received a treatment of oyster shells. This rim gave an average 
annual outgo of 14.47 pounds of sulphur per acre. 

In all of the rims which received lime materials a much lower 
outgo of sulphur was shown than from rims receiving similar treat- 
ments in the 1-foot series. From these results it is apparent that 
the addition of subsoil materially depresses the outgo of sulphur with 
this soil type. 

In the treated rims of the 2-foot series without organic matter, 
oyster shells were the only application which gave a greater outgo 
of sulphur than the control. During the first two years of the ex- 
periment the quantity of sulphur leached from the control rim was 
almost twice as great as that leached from the treated soils, a fact 
which indicates that lime applications may depress the outgo of sul- 
phur from the soil. 

The 4-foot lysimeters treated with the different forms of lime with- 
out the addition of clover hay show striking features in respect to 
sulphur outgo. Table 1 shows that there is a remarkable difference 
between the control rim of this series and the controls of the 1-foot 
and 2-foot series. This control gives 55.57 pounds less sulphur 
than the 1-foot control and 57.89 pounds less than the 2-foot control, 
showing that sulphur fixation is brought about by increasing the 
depth of the subsoil. 

he outgo of sulphur from the control rim in this series was 24.63 
pounds for the 6-year period, and that found in the rainfall was 101.22 
pounds, giving a fixed amount of 76.59 pounds or 75.67 per cent of 
sulphur fixed. The sulphur fixed by the 1-foot control amounted 
to 20.77 per cent, and that by the 2-foot control amounted to 18.47 
per cent. Not only is the sulphur outgo from the control of the 
4-foot series less than from the controls of the other two series but 
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practically all of the treated rims in the 4-foot series show this 
fixation of sulphur when compared with the rims having lesser depths 
of soil and subsoil. 

A duplicate series of 2-foot lysimeters was used to study the effect 
of plant growth on the outgo of sulphur from the soil. These lysim- 
eters were treated with different forms of lime, and in addition 
one-half of the series received organic matter in the form of clover 
hay applied at the rate of 12 tons per acre. The clover hay was 
applied in 1922 when the experiments began, as was done with the 
uncropped-soil series of experiments shown in Table 1. 

The uncropped series of lysimeters was expected to give certain 
information as to the outgo of sulphur when different forms of lime 
were added and also when lime was used in combination with clover 
hay. This series of experiments was outlined for the purpose of 
studying under similar soil treatments the effects produced by the 
growing plant on the quantity of sulphur passing out in the drainage. 

The 13 rims making up the series were seeded to German millet 
on June 11, 1924. The millet was harvested on August 30, 1924. 

Table 2 gives the weight of the crop and the outgo of sulphur for 
the year the crop was on the soil and for the year immediately 
following. The 1925 results are included to show whether or not the 
millet stubble remaining in the soil affected the outgo of sulphur. 


TABLE 2.—Effect of millet on the annual outgo of sulphur in Hagerstown silt loam 
soil, lime applications made on a 2-ton basis, CaCO; equivalent 


WITH ORGANIC MATTER # 


Rim Weight | Sulphur | Sulphur 


Treatment No of crop | leached | leached 

. in 1924 in 1924 in 1925 

Pounds | Pounds 

2-foot lysimeters: Grams | per - per acre 
Uncropped control. oF AE, eee ee eT | ee 17.8 12. 39 
Mari..... : ‘ : e ‘ inden ‘ . 36 122. 6 11. ol 19. 38 
Limestone nasi , “ heeslive 37 124.7 8. 23 | 19. 47 
Dolomite___- ae acetal : e 38 132. 2 9. 50 18. 16 
Oyster shells — nel . ane ‘ ‘ 39 124.4 12. 30 12.11 
Burnt limestone . ; ERE ASES TRACE 40 | 144.7 15. 42 15. 63 
Burnt dolomite eniseabinneanesdbaiel 41 142.5 18. 47 15, 87 
Synthetic burnt dolomite. --........... heehee’ bei 42 | 161.3 20. 02 13. 79 

WITHOUT ORGANIC MATTER 
2-foot lysimeters: | 

Limestone chapel wm ins orienta falas sacl 30 153. 2 9. 84 | 13. 33 
Dolomite " ‘ . . a | 31 123. 5 12. 81 13. 60 
Oyster shells __- 32 112.5 13. 40 | 18, 29 
Burnt limestone } 33 133. 1 8.79 | 16. 06 
Burnt dolomite : 34 108. 9 9. 28 | 21, 81 
Synthetic burnt dolomite... 35 112.6 11.17 | 27. 47 








* Clover hay equivalent to 12 tons per acre, 


The plant growth was rather uniform in the entire series of 
lysimeters, except in those that received limestone and burnt-lime 
treatments without an application of clover hay. The average 
sulphur outgo during the year the crop was growing was slight 
greater than the amount for the same period leached from the soil 
that was kept bare of vegetation and under similar treatment. 
This may be seen by comparing the above results with those for a 
similar series kept free of plant growth as given in Table 1. 
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In the series that did not receive an initial application of clover hay, 
the greatest yield of dry matter was produced with a limestone treat- 
ment. The amount of sulphur leached from this rim in 1925 
amounted to 13.33 pounds per acre. In rim 16 with a similar treat- 
ment, but with no crop, the outgo of sulphur was 13.91 pounds per 
acre. 

The addition of clover hay increased the yield of millet. The 
increase was shown in every case except that with the limestone 
treatment. The outgo of sulphur in this series was slightly greater 
than in the series without the clover-hay treatment. This is shown 
in the sulphur outgo for 1924. The sulphur leached in 1925 is 
slightly greater in the series having a clover application. Millet 
apparently diminishes the sulphur in the leachings to a slight degree, 
but the year following the crop the outgo appeared to be normal for 
this particular soil type. 

After the millet had been harvested the rims were seeded to red 
clover August 30, 1924, and this crop was cut on May 22, 1925. 

Table 3 shows the effect of clover on the outgo of sulphur in Hagers- 
town silt loam soil. The yields of clover were increased by the 
addition of clover hay. The average yield for all of the rims which 
did not receive the organic matter was 176 gm. Where the organic 
matter was applied the average yield of all treated rims was 221 gm., 
or an average increase of 45 gm. The outgo of sulphur was slightly 
greater for the rim receiving the clover treatment than for the control 
rim which was uncropped. The quantity of sulphur leached in 1926 
was again low and was slightly less than in the series which did not 
receive clover hay. 


TABLE 3.—Effect of clover on the annual oulgo of sulphur in Hagerstown silt loam 
soil; lime applications made on a 2-ton basis, CaCO; equivalent 


WITH ORGANIC MATTER @ 








Rim Weight | Sulphur | Sulphur 
Treatment | No of crop | leached | leached 
2 in 1925 in 1925 in 1926 


| Pounds | Pounds 





Two-foot lysimeters: Grams | per acre | per acre 
Uncropped control . ; ik ‘ 43 |... 12. 39 . 36 
i ‘ oindion . : : 36 228 19. 38 5. 20 
Limestone - - a nbd edimingiesks ; 37 218 19. 47 4.90 
Dolomite causieieeastwekanieh 38 219 18. 16 5. 49 
Oyster shells... _- atic one odes ; 39 212 12.11 2. 65 
Burnt limestone_...........-- vintbinicts inne sebiox 40 230 15. 63 4.78 
Burnt dolomite set os ‘ 41 219 15. 87 5. 88 

5. 66 


Synthetic burnt dolomite....................-.------ i 42 219| 13.79 


Two-foot lysimeters: a 


Limestone - - oe AE Ae Le EE ae 30 174 13. 33 5. 57 
Dolomite aS : et GE 22 -| 31 177 13. 60 9. 27 
Oyster shells Ae acy So 150 18. 29 8.00 
Burnt limestone. - hints tats eine eens . 33 180 16. 06 3.91 
Burnt dolomite. - - — Set EES Sa : | 34 186 21. 81 5. 28 
Synthetic burnt dolomite. - 5. 36 


« Clover hay eauiectens to 12 tons per acre. 


| 


In the series of rims that did not have an application of clover hay 
the yields were fairly uniform except for those treated with the caustic 
forms of lime. Burnt limestone, burnt dolomite, and synthetic burnt 
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dolomite gave slightly higher yields. In this group of experiments a 
fairly uniform amount of sulphur was leached from the soil in 1925, 
but the quantity was greatly diminished the following year. After 
the crop was harvested 100 gm. of the green clover was returned to 
each rim. This organic matter, together with the clover stubble, 
was worked into the soil and followed by a second crop of millet. 

In 1925 the largest amount of sulphur which was leached from the 
bare soil was shown by rim 18, treated with oyster shells. (Table 1.) 
This amounted to 18.01 pounds. The control of the series showed 
12.39 pounds, or a difference of 5.62 pounds. Rim 32, treated with 
oyster shells, gave in 1925 18.29 pounds of sulphur in the leachings. 
(Table 3.) This fact shows that practically the same amount of 
sulphur was leached from a soil kept free of plant growth as from one 
on which clover was growing. 

In 1926 after the soil had received 100 gm. of green clover and the 
stubble from the crop, the outgo of sulphur from rim 32, treated with 
oyster shells, was 8.0 pounds per acre (Table 3), while a rim similarly 
treated but left bare gave 7.60 pounds of sulphur, and the control 
gave 3.36 pounds (Table 1). The application of clover and the 
growing of a crop did not materially affect the removal of sulphur 
from the soil. 

The residual effect of clover in combination with lime materials on 
the outgo of sulphur is given in Table 4. 


TaBLE 4.—Residual effect of clover on the annual outgo of sulphur in Hagerstown 
silt loam soil; lime applications made on a 2-ton basis, CaCO; equivalent 
WITH ORGANIC MATTER « 


Weight | Sulphur leached in— 


Rim of crop | 
Treatment | No. in 1925 
1926 1927 1928 
te Re | ss 
| Pounds | Pounds | Pounds 
2-foot lysimeters: Grams | peracre | peracre per acre 

Uncropped control ; | Sessoms 3. 36 14. 43 

Marl. 36 228 5. 20 23. 65 18. 27 
Limestone. 37 218 | 4.90 22. 39 18, 47 
Dolomite - « 38 219 5. 49 | 20. 28 18.18 
Oyster shells 39 212 | 2. 65 | 20.14 17.70 
Burnt limestone - ; 40 230 4.78 | 18. 27 18. 53 
Burnt dolomite ‘ 41 219 5. 88 20. 56 18. 54 
Synthetic burnt dolomite 42 219 5. 66 | 17. 52 17.74 

WITHOUT ORGANIC MATTER 
2-foot lysimeters: 

Limestone 30 174 5. 57 31. 86 18. 66 
Dolomite - 31 177 9. 27 21. 06 18.19 
Oyster shells. 32 150 8.00 16. 88 | 18. 53 
Burnt limestone 33 180 3. 91 19. 24 18. 24 
Burnt dolomite 34 186 5. 28 26. 62 | 17.70 
Synthetic burnt dolomite 35 187 5. 36 


25. 54 | 17. 73 
| 


« Clover hay equivalent to 12 tons per acre. 


The initial application of clover hay in 1922 to uncropped soils did 
not materially increase the outgo of sulphur over that from the 
series on which the clover stubble was turned under. The crop 
yields in the first group of experiments in Table 4 are much larger 
than in the second. The sulphur outgo in the two groups shows no 
marked differences. This holds true for the years 1926, 1927, and 
1928, or the years immediately following the harvesting of the clover. 
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A conservation of sulphur is indicated by the results obtained in 
1926, the year following the harvesting of the clover crop. During 
the years 1927 and 1928 the sulphur content of the leachings again 
increased. The average annual outgo of sulphur in 1927 for all treat- 
ments without organic matter was 23.53 pounds per acre and the 
average for the same treatments on the rims left bare of plant growth 
was 21.58 pounds, or a difference of only 1.95 pounds of sulphur leached. 

Referring to Table 1, it will be seen that the rain gauge gave 27.40 
pounds of sulphur for the year 1927 and the control lost 14.43 
pounds. From these figures it can be seen that more sulphur is 
brought to the soil than is leached from either limed soils or soils 
receiving both lime materials and organic matter. 

The amount of sulphur leached from the treated rims in this 
series is greater than that leached from the control rim of the series 
left bare of vegetation. 

In 1928 the average amount of sulphur lost from all rims in this 
series was 18.18 pounds, while the corresponding series of soils left 
bare of plant growth was 20.37 pounds. This would indicate that 
clover did not increase the outgo of sulphur from this type of soil. 

Table 5 gives the results for the second crop of millet. The millet 
was sowed on July 5, 1927, and harvested September 26. 


TaBLeE 5.—Effect of millet, following clover residues, on the annual outgo of sulphur 
in Hagerstown silt loam soil; lime applications made on a 2-ton basis, CaCO; 
equivalent 

WITH ORGANIC MATTER @ 





| Rim Weight | Sulphur | Sulphur 

| i. of crop leached | leached 

in 1927 in 1927 | in 1928 
| 


Treatment 


Pounds | Pounds 


2-foot lysimeters: Grams | per acre | per acre 
Uncropped control___.-.--..-- pile dave tadelaneulcs seen pe SER 14. 43 18. 20 
BEncascce <scetieiabaettil tilgelagcal 36 231 23. 65 18, 27 
Limestone. ET DERE Te Ses still 37 320 22. 39 18. 47 
Dolomite - : cont nebabaethekenbeneben 38 281 20, 28 | 18. 18 
Oyster shells . ‘ ‘ srcaieltyclehacusnieonaecn eeeandleia eolaaei 39 | 228 | 20. 14 17.70 
Burnt limestone tkaveadanitkn eae paitceiieedl 40 | 277 18. 27 18. 53 
Burnt dolomite " ane bade 41 | 283 20. 56 | 18, 54 


Synthetic burnt dolomite --___- SS IESE RN 42 | 279 17. 52 | 17.74 


WITHOUT ORGANIC MATTER 








2-foot lysimeters: 


Limestone... ‘ a ; . ierirexiniel 30 182 31. 86 18. 66 
Dolomite . - ‘ aoe 3 31 170 21. 06 18.19 
Oyster shells 32 160 16. 88 18. 53 
Burnt limestone ee : 33 186 19. 24 18, 24 
Burnt dolomite. , seek 34 170 26. 62 17.70 
Synthetic burnt dolomite - z z . ‘ 35 185 25. 54 17.73 


« Clover hay equivalent to 12 tons per acre. 


The effect of clover residues on the yield of millet was very pro- 
nounced. A marked gain was noted over the first crop, which was 
harvested in 1924, as can be seen by referring to Table 2. 

In 1927 the outgo of sulphur from the soil on which a crop was 
growing and to which clover was not applied, was greater than in 1928 
and averaged 23.53 pounds per acre. Rims receiving the same treat- 
ments but left bare of vegetation gave in 1927, taking an average of 
all treatments, 21.58 pounds of plier leached ; or the soil growing 
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the millet lost only 1.95 pounds of sulphur per acre more than did 
the uncultivated series of rims. 

The average quantity of sulphur leached in 1928 was 18.18 pounds. 
On the series free of plant growth 20.37 pounds of sulphur were lost 
in 1928. The bare soil lost 2.19 pounds more sulphur than the soil 
containing the millet stubble. 

An initial incorporation of organic matter combined with clover 
residues and lime materials gave an increased yield of millet. The 
increases were much greater than those given for the first crop as 
shown in Table 2 under the same treatment but without clover residues. 

The outgo of sulphur in both groups of experiments are rather 
similar. 

These results indicate that the growing of millet and clover tends 
to diminish the outgo of sulphur, and if there happens to be a diminu- 
tion following the removal of the crop the sulphur added in the rainfall, 
together with that contained in plant residues, quickly restores the 
sulphur to its normal amount for this particular soil type. 


DISCUSSION OF RESULTS 


In most of the published experimental work involving the losses of 
sulphur from the soil it appears that serious consideration has never 
been given to the effects produced by increasing the depth of subsoil, 
and it is believed that this factor has a very important bearing on the 
losses of this element by drainage. 

Hart and Peterson (4) have shown that the total sulphur trioxide 
precipitated at Madison, Wis., with rain amounted in five months to 
11.7 pounds per acre. This amount of sulphur trioxide is equivalent 
to 4.68 pounds of sulphur. These investigators placed the annual 
amount of sulphur trioxide precipitated at from 15 to 20 pounds, 
which would be equivalent to 6 to 8 pounds of sulphur per acre. 
They contend that ‘‘with much less loss by drainage it does not 
appear that the atmosphere can serve as a complete compensating 
factor for losses of sulphur trioxide which soils sustain through 
cropping and drainage.” 

From an analysis of the leachings from the 4-foot lysimeters used 
in the experiments reported in this paper, it appears that the rainfall in 
the vicinity of Blacksburg, Va., would furnish ample sulphur for most 
crops, and in case of a sulphur deficiency the crop residues usually 
returned to the soil would be sufficient to take care of the losses. 

The average annual precipitation during the six years of this 
experiment was 38.63 inches. The 1-foot series of lysimeters gave a 
percolation of 26.35 per cent; the 2-foot]series, 24.41 per cent; and 
the 4-foot series, 22.21 per cent, showing that the addition of subsoil 
decreased the amount of water passing out as drainage. 

About one-third of the ear percolation was obtained during the 
months of December, January, and February. At the same time 
practically all of the accumulated nitrate nitrogen was leached from 
the soil; therefore one would expect the sulphate sulphur to follow 
the same general course but to a less marked degree owing to the 
difference in solubility of the two compounds. 

A distinct alkaline reaction was maintained in the rain water and 
the leachings from the control and treated rims. Dust particles in 
the vicinity of the lysimeters contained calcium carbonate and the 
ash from the coal used in this area was alkaline. This basic material 
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was sufficient to consistently maintain an alkaline reaction and 
overcome any acid effects that the sulphur of the atmosphere might 
produce. 

In the 1-foot series of lysimeters the outgo of sulphur was rather 
uniform, and the applications of lime in various forms only slightly 
increased the amount of sulphur in the leachings. 

Two drought periods brought out a peculiar feature concerning 
the outgo of sulphur. These droughts occurred in 1925 and 1926. 
In the latter year the rainfall was greater, but less sulphur appeared 
in the drainage water. The larger amount of sulphur leached in 
1925 was due to the fact that the drainage was obtained between 
November and February, the period of greatest leaching in this 
locality. In 1926, with a greater rainfall and lower sulphur outgo, 
all of the leachings were obtained after January when the evaporation 
from the soil would materially affect the amount of water passing 
through the soil. The period of the year in which the leachings are 
obtained has a we 8 bearing on the amount of plant food con- 
tained in the leachings. 

The application of 12 tons of red-clover hay exerted no striking 
effect on the quantity of sulphur leached from the soil. In certain 
cases the sulphur increased, but the increase was not consistent 
throughout the series. Organic matter added to the soil gave 
slight increases during the first two years after it was applied, but 
from that time on little increase was noted. 

When 1 foot of subsoil was added to 8 inches of soil a diminished 
outgo of sulphur was noted. This was true when lime materials were 
used alone and when they were mixed with organic matter. A still 
greater outgo of sulphur was observed when 3 feet of subsoil were 
added to the 8 inches of soil. The decrease in sulphur outgo from 
the deeper rims was consistent throughout the entire 6-year experi- 
mental period. It is believed that these clay subsoil additions have 
a fixing effect on sulphur. This may be a chemical, biological, or 
physical effect. The sulphur appears to be so held that it is subjected 
to capillary action within the upper zone of soil during the hotter 
months of the year. The effect of this action on solutions carrying 
sulphate sulphur is often noticed in greenhouse and pot experiments, 
especially with soils high in iron oxide. This action results in the 
formation of white incrustations at the surface of the soil. This 
substance may also be observed as irregular white lumps often sur- 
rounding a soil particle. On examining these incrustations or lumps 
it will be observed that they consist largely of calcium sulphate. 

It is believed that there is a constant circulation of the soil solution, 
charged with sulphates, between the upper limit of subsoil and the 
surface soil, resulting in a deposition of these incrustations. This 
does not necessarily mean that no sulphur is lost in the drainage, but 
that the addition of subsoil materially diminishes the sulphur outgo 
and tends to promote a back-and-forth movement of sulphate sulphur 
between the subsoil and the surface soil, thereby tending to fix the 
sulphur. 

The growing of crops did not materially diminish the amount of 
sulphur in the soil. A slight diminution occurred when millet was 
grown, but the millet stubble left in the soil restored the sulphur the 
following year. Clover produced no exhaustive effect on the sulphur, 
and millet, following clover residues, did not reduce the quantity of 
sulphur. 
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SUMMARY 

The percolation of drainage from Hagerstown silt loam soil varied 
with the depth of subsoil. About one-third of the annual percola- 
tion was obtained during the months of December, January, and 
February, the period of greatest rainfall. 

An alkaline reaction was obtained in the leachings from the rain 
gauge, control, and treated lysimeters. At no time during the ex- 
perimental period was the drainage acid or even neutral. 

The application of lime materials did not give marked increases in 
sulphur outgo, but the biological processes which transform sulphur 
in the soil appeared to be stimulated. 

An application of lime materials with which 12 tons of red-clover 
hay had been mixed did not materially affect the quantity of sulphur 
that passed out in the leachings. 

The growing of millet and clover tended to diminish the outgo of 
sulphur in the drainage. After the crop was removed the sulphur 
that was added in the rainfall, together with that contained in the 
stubble, quickly restored the sulphur to its normal amount for this 
particular soil type. 

Clover residues increased plant growth and, together with the 
rainfall, added sulphur to the soil in sufficient quantity for a second 
crop of millet. The bare soil lost 2.19 pounds more sulphur than the 
soil containing the millet stubble. 

Lime materials mixed with clover hay gave much greater yields 
than lime materials alone. The different forms of lime used gave 
practically the same crop yields. 

The addition of 1 and 3 feet of subsoil diminished the sulphur pass- 
ing out in the drainage. The total amount of sulphur in the rain 
water for six years was much greater than in the leachings from any 
of the rims to which 1 and 3 feet of subsoil were added. This was not 
the case, however, when 8 inches of soil were added. The addition 
of organic matter to the lime materials did not alter this depression 
of sulphur. 

The subsoil in these experiments appears to exert a fixing effect in 
the sulphur brought to the soil in the rain water, for the outgo of 
sulphur is diminished when the depth of the subsoil is increased. 
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10 species, key to larvae _ 490 
, 10 species, key to pupae 490-491 
fly— 
Central American, description and 
hosts _. 497 
dark, description and hosts 497-498 


Mediterranean, description and hosts... 492-493 
olive, larva and pupa, description - . 493-494 


385, 386, 388-392, 393 
492 | 
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fly—continued. Page 
paya, larva and pupa, description 491-492 
yest Indian, description and hosts___ 4955 
sprayed and unsprayed, injury by cod- 
ling-moth larvae. 247-256 


worm, Mexican, description ‘and hosts 495-40) 
Fulton, Harry R., and Coblentz, W. W.: 
The Fungicidal Action of Ultra-Violet 
Radiation - __- ; _.. 159-168 
Fungi— 
growth on sugar cane at low temperatures. 200-203 
isolation from host tissues, method_. 310-312, 359 
species, effect of ultra-violet rays . 161-162 
Symbiotic, of— 
Cereal Seeds, and Their Relation to 
Cereal Proteins: S. L. Jodidi and 
Jaroslav Peklo__.........--. 69-9 
cereal seeds, isolation - 69-7! 
cereals, contents, analys . 76-79, 84-89 
Fungicide, ultra-violet radiation as, study. 159-168 
Fusarium sp., growth on sugar cane at low 





temperatures - 200-202 
Garber, R.J.,and Hoover, M.M.: Natural 

Crossing between Oat Plants of ‘Hybrid 

EERE rae 647-648 
Gelatin, in alkaline solutions, hydrolysis 

___ Sree ee 555-558 
Genetic characters, in wheat, selection of 

hybrids for - 169-180 
Germs, destruction by alkaline washing 

solutions, experimental study 521-561 
Globulin fractions, in wheat hybrids, indi- 

cation of special characters : 179, 180 
Globulins, wheat, specificity study __--- 170-176 
Goodsell, Samuel F., and Wentz, John B.: 

Recessive Defects and Yield in Corn_... 505-510 
Gossypium spp. See Cotton. 
Grain sorghums, bacterial stripe disease, 

study....... --- 2,3H, 12 
Grains, smutted, consumption by animals, 

and results __- 636-644 
Grass sorghums, bacterial stripe disease, 

study... ... . 2,3-11, 12 
Grasses— 


forage, calecium— 5 
and phosphorus content, comparisons - 123, 


-128 
deficiency, study ie 129 
root parasite, study - 335-342 


symbiotic fungi and their relation to pro- 
tein content - - - 69-89 

Greene, Charles T.: Characters of the 
Larvae and Pupae of Certain Fruit Flies. 489-504 


ae sp., killing effects of ultra-violet 
rays te _. 161, 162 
Harris, J. Arthur— 
The Correlation between the Soil Salinity 
and Flowering Date in Cotton........ 109-112 
Harrison, George J.; and Lockwood, 
Edna K.: A Criterion of the Differen- 
tiation of Varieties or of Experimental 
Areas with Respect to Their C apacity 
to Produce Seedling Stands of Cotton. 601-621 
Harrison, George J.; Harris, J. Arthur; and 
Lockwood, Edna K.: A Criterion of the 
Differentiation of Varieties or ya Experi- 


mental Areas with Res eS heir 

Capacity to Produce Seedling Stands of 

2 . 601-621 
Hay, calcium and phosphorus content— = 

analytical results. ____- _. 115-117 

relation to mineral disorders in cattle... 122-123 


Hays, Frank A.: The Inheritance of Egg 

Weight in the Domestic Fowl.........-. 511-519 
Hemlock, western, capillary structure de- 
~ maaan _ dynamic e phy sical meth- 

. 27-34, 36, 39-41, 49 


lene 
age, relation to size of eggs --- 511-512 
inheritance of egg _— ‘ nes, E> 511-519 
Hicoria pecan. See Peca 
Hill, H. H., and Ellett,. B.: Effect of 


Lime Materials on the Sue of Sulphur 
from Hagerstown Silt Loam Soil_....---- 697-711 
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Hilton, Huber C.; Krueger, Theodore; and 
Bates, Carlos G.: Experiments in the 
Silvicultural Control of Natural Repro- 
duction of Lodgepole Pine in the Central 
Rocky Mountains._........._.__-. 

Hoagland, Ralph: Antineuritic and Water- 
Soluble B Vitamins in Beef and Pork... 431-446 

Holeus sorghum. See Sorghum; Sorghums. 

Hollowell, E. A., and Monteith, John, jr.: 
Pathological Symptoms in Legumes 
Caused by the Potato Leaf Hopper...... 649-677 

Hoover, M. M., and Garber, R.J.: Natural 
Crossing between Oat Plants of Hybrid 
Origin 

Hopper, potato leaf. 


229-243 


; . er sre ... 647-648 
See Potato leaf hop- 


I ,~ vulgare. 
Horse-Radish— 
Bacterial Leaf Spot Caused by Bacterium 
campestre var. armoraciae, n. var.: Lucia 
MecCulloch_____- 
inoculation with Bacterium ca mpestre 
root diseases, description. -. _. 

Horses, digestive processes, effect on v iabil- 
ity of smut spores. - 6: 

Hough, Walter 8 
Resistance to Arsenical Poisoning of Dif- 
ferent Strains of Codling Moth Larvae 

Humidity, effect on Rhizoctonia rot of tur- 
nips in storage 105-106, 107-108 

Humphrey, Harry B., and Zehner, Marion 


See Barley. 


269-287 
272-273 
271-272 





245-256 


Griffiths: Smuts and Rusts Produced in 
Cereals by Hypodermic Injection of 
Inoculum ‘ ; ... 623-627 
Hybrids— 
Oat Plants, Natural Crossing: R. J. Gar- 
ber and M. M. Hoover.. 7-648 


wheat— 
Kotax Marquis, inheritance of yield and 
protein content__...._.__- ... 205-217 
reaction to leaf rust____ . 148, 156, 157 
Serological Ranking as Aid in Selecting 
for Certain Genetic Characters: Cas- 
er I. Nelson and Jorgen M. Birke- 
and. Sead ..---- 169-181 
Hydrostatic flow, in softwoods, indication 
of capillary structure - ‘ .. 42-53, 65 
Hydroxyl-ion concentration, effect on ger- 
micidal action of alkaline washing solu- 
tions, study - - 528-531, 535-551, 552-561 
Hymenolepis carioca (Cestoda), an Interme- 
diate Host, Aphodius granarius (Coleop- 
tera): Myrna F. Jones 629-632 
Hypochlorites, germicidal effectiveness, 


comparison with alkaline solutions 553-555 


Inheritance— 
color, in hybrid oat plants, studies 647-648 
E » Ww eight in Domestic Fowl: Frank A. 
ee 511-519 
guile characters in wheat, selection of 
hybrids for 169-180 
recessive defects in corn, study _ .. 505-509 
Yield and Protein Content in Crosses of 
Marquis and Kota Spring Wheats 
Grown in Montana: J. Allen Clark and 
Karl 8. Quisenberry 205-217 
Inoculation— 
animals, with bovine leukemia, experi- 
ments and results 401-404 


cabbage and cauliflower, with Bacterium 


A AERTS, ORES 273-274, 275 
cereals by— 
hypodermic injection, experimental re- 
sults___. . 623-627 
injection, method, ‘advantages - 627 
horse-radish, with Bacterium campestre 272- 


273, 274-275, 284, 285 


Matthiola sp., with Bacterium campestre - 274 
onion plants, with Macrosporium porri__ 479-483 
sorghums, with Bacterium andropogoni, 
methods and results _-_ 3-4, 10-13, 21 
tobacco, with mosaic virus, method and 
results. . 259-262 
wheat, with leaf-rust fungus - . 149-150 


Involucre, C otton, Removal, Effects on De- 





velopment of Boll: Thomas H. Kearney. 381-393 
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Page 
Janssen, George, and Bartholomew, R. P.: 
The Translocation of Potassium in To- 
mato Plants and Its Relation to Their 
Carbohydrate and Nitrogen Distribution 
Jodidi, 8. L., and Peklo, Jaroslav: Symbi- 
otic Fungi of Cereal Seeds and Their Re- 
lation to Cereal Proteins. -.. -- es hai 
Johnston, C. O., and Melchers, L. E.: 
Greenhouse Studies on the Relation of 
Age of Wheat Plants to Infection by 
Puccinia triticina -.. 147-157 
Jones, Myrna F.: Ap hodius granarius 
(Cc oleoptera), an tatereeliaee Host for 
Hymenolepis carioca (Cestoda) . 629-632 


447-465 


Kafirs, inoculation with Bacterium andropo- 
goni, notes 3, 10-11, 12 

Kaoliang, inoculation with Bacterium an- 
dropogoni, notes - «- i118 

Kearney, Thomas H.: Dev elopment of the 
Cotton Boll as Affected by Removal of 
the Involucre 

Kreuger, Theodore; Bates, Carlos G.; and 
Hilton, Huber C.: Experiments in the 
Silvicultural Control of Natural Repro- 
duction of Lodgepole Pine in the Central 
Rocky Mountains .----- 220-243 


381-393 


Larvae 
Codling-Moth, Different Strains, Rela- 
tive Resistance to Arsenical Poisoning, 
Studies: Walter 8. Hough -. 245-256 
fruit flies, characters, descriptions .-. 491-501 
Lauritzen, J. I.: Rhizoctonia Rot of Tur- 
nips in Storage --- 93-108 
Leaf 
hopper— 
injury to legumes, causes ------ 
potato. See Potato leaf hopper. 
rust, wheat. See Wheat leaf rust. 
Spot, Bacterial, of Horse-radish— 
Caused by Bacterium campestre var. 
armoraciae, n. var. Lucia McCulloch. 269-287 


671-674, 675-676 


description ..- 270-271 
See also Bacterium “campesire ‘armora- 
ciae, n. var.; Horse-radish. 
Legumes— 
injury by potato leaf hopper, study 649-676 


leaf-hopper injury 
cause . 672-674, 675-676 
effect of weather conditions 671-672, 676 

Pathological Symptoms in, Potato Leaf 

5 as Cause: John Monteith, jr. 


and A. Hollowell _... 649-677 
varietal resistance to potato leaf hopper.. €66-671 
Lespedeza spp., injury by potato leaf hopper 666 
Leukemia— 
Bovine— 
Experimental Studies: Gilbert T. 
Creech and Hubert Bunyea_.-.._.-- 395-404 
inoculation in other animals, results... 401-402 
effect on tissues of cow... ............---- 399-401 
symptoms in cow 396-399 
true, differentiation from pseudoleuke- 
mia 395, 404 
Light, wave-lengths, fungicidal action, 
Se eee 66-167 
Lima beans, inoculation with Bacterium 
campestre . 274, 275, 278, 285 
Lime— 
application to soils, effect on outyhas 
CES _... 702, 703-711 
Materials, Effect on Outgo of Sulphur’ 
from Hagerstown Silt Loam Soil: 


W. B. Ellett and H. H. Hill 697-711 
See also Calcium. 
Lint, cotton, effect of ates removal on- 
88, 389, 390, 391, 392, 38 
Lipase, in corn endosperm, pam ag : 188, 


189, 190, 191 
Lockwood, Edna K.; Harris, J. Arthur; 
and Harrison, George J.: A Criterion of 
the Differentiation of Varieties or of Ex- 
perimental Areas with Respect to Their 
Capacity to Produce Seedling Stands of 
Cotton. 
L odgepole pine. 


601-621 
~ See Pine, lodgepole. 
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Lolium perenne. See Ryegrass. Page 
Loose smut, barley, production by hypo- 
dermic injection. 623-624 


Lotus corniculatus, injury by potato leaf 
hopper, experimental results 664-665, 675 
Lysimeter, use in study of soil leachings... 699-711 


McCulloch, Lucia: A Bacterial Leaf Spot 
of Horse-radish Caused by Bacterium 
campestre var. armoraciae, n. var- . 269-287 
McLane, J. W.; Collins, G. N.; and Flint, 
L. H.: Electric Stimulation of Plant 
Growth ____- 
MeMurtrey, J. E., 
Effect of Mosaic , on Yield and 
Quality of Tobacco 
The Effect of Boron Deficiency on the 
Growth of Tobacco Plants in Aerated 
and Unaerated Solutions. -- 371-380 
Macrosporium 
disease of tomatoes. See Nailhead spot. 
parasiticum, comparison with Macrospo- 
rium porri._. 4st 
porri— 
cause of purple blotch of onions, study_ 470-485 
comparison with M. parasiticum and 


585-600 


257-267 


M. solani_- 4R4-485 
morphology 470-472 
penetration of onion tissue 481-183 
physiology - 473-479 
taxonomy - . 472-473 

solani, comparison with Macrosporium 
porri : AS4-485 
Maggot 
apple, description and hosts 494-495 
cherry, description of larva and pupa 404 
Maize— 
embryo, crude oil yield and acid values, 
comparison 185, 186, 187, 190 


Fat Metabolism, Effects of Waxy Gene 
on: F. A. Abegg 
grain and pollen, starch reserves, effects 


183-193 


of waxy gene on, study 183-193 
growth, stimulation by electricity, ex- 
periments 4 . 588-100 
seed, endosperm tissue, fat metabolism, 
study . 184-193 
seedlings, electric stimulation, effect on 
growth ___. 588-600 
storage, effect on acidity of waxy and non- 
waxy grain 188-189 
waxy 
and nonwaxy, crude-oil yield from grain 
and polle n 185-186 


Gene, Some E flects on Fat Metabolism: 
Abegg.- 183-193 
See also Corn. 
Marketing, tomatoes, nailhead- aoe devel- 
opment... ‘ 131-145 
Maryland 
— at Upper Marlboro, summers, 





258 
7-267 


acco growing, effects of mosaic disease 257 
Matthiola sp., inoculation with Bacterium 
campestre 274 
Meat, antineuritic and water-soluble B 
vitamins in, study 
Medicago sativa. See Alfalfa. 
Mediterranean fruit fly, description and 
hosts ; 492-493 
Melchers, L. E., and— 
Ficke, C. H.: The Effect of the Digestive 
Processes of Animals on the Viability 
of Corn and Sorghum Smut Spores__.. 633-645 
Johnston, C. O.: Greenhouse Studies on 
the Relation of Age of Wheat Plants to 
Infection by Puccinia triticina _ _- 
Melilotus suaveolens, injury by potato leaf 
hopper ... 662-663, 675 
Melon fly, larva and pupa, description 492 
Metabolism, Fat, of Maize, Effects of 
Waxy Gene on: F. A. Abegg-. . 183-193 


431-446 


147-157 
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Millet— Page 
German, inoculation with Bacterium 

andropogoni, results - - 11, 12 
growing, effect on outgo of sulphur from 

soils . 705, 708-709, 710, 711 

yield, effect of clover residues 708 
Milos, inoculation with Bacterium andro- 

pogoni, notes 11, 12 


Moisture, soil, effects on productivity oF 
seed potatoes 407, 408-409, 410 
Mold, water. See Water mold; Water 
molds. 
Montana— 
forage plants, phosphorus deficiency, 
study-....- . 113-129 
wheat— 
inheritance of yield and protein content, 
studies... 
Marquis and Kota, yields per acre, 
1921-1925 . 206 
Monteith, John, jr. . and Hollowell, Ez. 
Pathological Symptoms in ae 
Caused by the Potato Leaf Hopper 
Mosaic Disease, of Tobacco, Effect on 
Yield and Qualit y: J. E. MeMurtrey, jr_ 257-267 
Moth, codling. See Codling moth. 
Mycobacterium tuberculosis, destruction by 
washing solutions, a require- 
| RS Sie _ 559 
Myers, Robert Page: The Germicidal 
Properties of Alkaline Washing Solu- 
tions, with Special Reference to the In- 
fluence of Hydroxyl-ion Concentration, 
Buffer Index, and Osmotic Pressure - 521-563 


205-217 


649-677 


Nailhead spot, of tomatoes 
description and damage 131-132, 145 
Development— 
during Transit and Marketing: G. B. 
Ramsey and Alice Allen Bailey_.... 131-146 
factors affecting .---- 140-141 
rate, study. .-_..--. ai aca trie ceatcinaeniacieale, SP 
Nelson, Casper I., and Birkeland, Jorgen 
M.: A Serological Ranking of Some Wheat 
Hybrids as an Aid in remmneore for Certain 
Genetic Characters............-.--.--... 169-181 
Nitrogen— 
assimilation by tomato plant, relation to 
EEE Se 451, 
4 53-455, 460-461, 463, 464 
content of— 
English ryegrass seed_._._.._. 77-79, 80-84, 87-89 
symbiotic fungi of cereals indnonduc eae 
Nursery planting, forest seedlings per 


ID Ts « Cvcetnciecséudgedsencustcusane 227 
Oat Plants of Hybrid Origin, Natural Cross- 

ing: R. J. Garber and M. M. Hoover__.. 647-648 
Olive fly, larva and pupa, deseription_- 493-494 


Onion, Purple Blotch (Macrosporium porri 
Ell.): H. R. Angell. _- 467-487 
Onions, inoculation with purple blotch or- 


ganism, experiments Z 479-481 
Onobrychis viciaefolia, injury by potato leaf 

ivccoces soe 666 
Orange pigment, effect of selenium salts__- 418 
Oranges, disinfection by ultra-violet rays.. 159-168 


Osmotic pressure, influence on germicidal 
action of alkaline washing solutions---- 528, 
531-533, 551-552, 555-559, 561 

Osteomalacia, in range cattle, cause and 
prevention 127-128 


Papaya fruit fly, larva and pupa, de- 


SIN <n nibomiainonationndlies .-.------- 491-492 
Parasites, sugar-beet root, study __- ... 309-359 
Peanut, injury by potato leaf hopper Bee 666 
Pecan— 

scab, distribution, spread, and impor- 

_ . , a ee iaapnaaite ... 364-365, 369 


scab fungus— 





Mexican fruit worm, description and hosts. 495-496 
Milk bottles, cleaning and sterilizing, study 
of germicidal efficiency of solutions. 


521-561 





adaptability to pecan varieties . 365-370 
physiologic specialization, study _...... 365-370 
See also Cladosporium effusum. 
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Pecan—Continued. Page | pork— Page 
Varieties— ; and Beef, Antineuritic and Water-Soluble 
Behavi ior of Cladosporium effusum B Vitemins in: Ralph Hoagland . 431-449 
(Wint.) Demaree on: J. 5B. Demaree antineuritic vitamin in, eens with 
and J. R. Cole .. 363-370 | beef. _..- FP cnieieaie ...-. 431-436, 444 
inoculation with Cladosporiu m effusum, water-soluble vitamins in, comparison 
lair trade sculatend bnciiiiaiis abies edi 366-369 with beef___- ‘ 437-441, 444, 446 
susceptibility to scab fungus, study - .. 363-370 | Potassium 
Peklo, Jaroslav, and Jodidi, 8. L.: Sym- | concentration, effect on growth of tomato 
biotic Fungi of Cereal Seeds and Their plants, study _-. ... 449-464 
Relation to Cereal Proteins____.._....- - 69-91 | in soils, effect on properties of colloids. -_-_ 578-579 
Penicillium— | lability in tomato plant, study 447, 
digitatum, killing by ultra-violet rays, Ute 4 55, 45-457, 461-462 
study a : : 159-168 starvation, in tomato plants, symptoms 457- 
italicum, killing effects of ultra-violet ws A sere 458, 460, 463 
rays_- _ 160, 162 rranslocation in Tomato Plants and 
spp., growth on sugar cane at low tem- Relation to Their Carbohydrate and 
peratures__ Se PERE NES 200-202 Nitrogen Distribution: George Janssen . 
Phaseolus vulgaris, injury by potato leaf ,, and R. P. Bartholomew ---.-..__. 447-465 
hopper, experimental results__. 666,675 | Potato Leaf 
Phomopsis citri, killing effects of ultra-vio- Hopper : ; 
let rays.....__. : : _... 161, 162, 166 Cause of Pathological Symptoms in 
- } Legumes: John Monteith, jr. and 
Phosphorus— | 540 _g77 
92-16 A. Hollowell 649-677 
availability in lime soils _ _- - 123-124 | host plants 650 
» » 2% . . 4 
calcium proportions for cattle forage san 126 | hoppers, migration 674-675, 676 
content of forage— Potatoes— 
aS ™ is ri +: »j b. - | = . : . 
Grasses, comparison with calcium con. 97 | maturation, effect of soil conditions on 407, 
tent..... é 122-123, 127-128 408. 409, 410 
plants, analytical Tesults 115-117 baie 


“running out,”’ relation to environment 
Deficiency running out,” relation t mment, 





in Forage Feeds of Range 








——S s r. 5-410 
Cattle: Samuel G. Scott__.. : 113-130 | a - - 105-4) 
» ome » 21-122 . ihe . : 
requirements of cattle. - - -- 121-122 Grown under Various Controlled En- 
Picea engelmanni. See Spruce, E ngelmann. a vironmental Conditions, Relative 
Pigments, citrus, cytological studies 412-427 Productivity: H. O. Werner 405-410 
P = a productivity study, methods 405-406 
odgepole ore i“ productivity under controlled environ- 
cutting, effect on reforestation _ 234, mental conditions 405-410 
236-237, 238-243 . . ; ‘ ~ 
ait i aoe y : . : (06-410 
germination in forests, factors affecting. 237, 239 ae different soil conditions 406-4 
Natural Reproduction, Silvicultural _ ee : : 
Control Experiments in the Central Se aaten, control recom sin 
Rocky Mountains: Carlos G. Bates, See elso Chickens. 
Huber C. Hilton, and Theodore Precigitetion— — 
Krueger. - ------.-....-.. 220-243 effect =n horus and calcium content 
‘ . ss ~alcium c 
slash burning, effect on seedling stand 229-230, ¢ 7 hence sient ee erent 520 121, 127, 129 
3 239, 243 ants. naan 20-121, 127, 128 
shortleaf, frequency distribution, pe gig + ae districts, growing 120 
mination by alinement chart 299-303 Precipitin’ tests ‘a in ranking wheat 
ie pa sine! iene hybrids... 172-174 
white, seedling density, relationships 220 I >rolamin, oomureenes im 
222, 226 2 60.06 
; , , 74, 82-86, 89 
yellow, capillary structure determina- English ryegrass seed —_- , 84-86 89 
27-5 8} f grasses 74, , BE 
tion by dyn ws 4 a 49, 58-59, “ai Proso, inoculation with Bacterium andropo- 
30+: -34, 37 - —— 12 
yellow, seedling density, relationship. 219-220, — . il, 
on Onn 
. 222, 225, 226 content of— 4 
Pinus— Se Kota and Marquis wheats in Montana_ 206-207 
contorta. See Pine, lodgepole. wheat, inheritance in Marquis X Kota 


monticola, See Pine, western white 





" hybrids cn 205, 206-207, 213-217 
ponderosa. See Pine, western yellow. specificity, in wheat hybrids, study in 
Plant— serological ranking. -- - 170-176 
food elements of soil, additions and losses, | Proteins— 
MUGT........-2--s05ec 699-711 cereal, relation of symbiotic fungi of seeds 
growth— | to . 69-89 
effect on sulphur outgo from soils 705-709, | content of English ryegrass seed, study- 78, 
roe ait iS A 710-711 80-86, 89 
tlectric Stimulation: G. N. Collins, oc 8 biotic fungi of cereals, 
L. H. Flint, and J. W. McLane_-- 585-600 " ae = re apne : wa 7 
nutrition, effect of boron deficiency, 74-75 5, 78, 79, ¥0, 84-86, ‘89 
study in tobacco... _. - - 371-380 | Pseudotsuga tazifolia. See Fir, Douglas. 
Plants, capillary structure, study by dy- Puccinia— 
namic physical methods... . - 2-65 graminis tritici, inoculation on wheat by 
Plectospira— injection method, results 625-626 
gemmifera, n. sp.— | gorghi, inoculation on dent corn by injec- 
description ' 358 tion method, results _ _- 625 
introduction and characteristics 350 triticina— 
reproduction methods 35 Wheat Infection, Relation to Age of 
myriandra, distinction from 2 Aphanomyces Plants, Greenhouse Studies: C. O. 
EOS 349-350, 359 Johnston and L. E. Melchers 147-157 
Poisoning, Arsenical, “ot C odling- Moth See also W heat leaf rust. 
Larvae of Different Strains, Relative Pullets. See Hens. 
Resistance, Studies: Walter S. Hough.... 245-256 Pupae, fruit flies, characters, descriptions. . 491-498 
Pollen, maize— 502-503 
ether extracts, values, comparison in waxy Purple Blotch— 
and nonwaxy types. __...._......-. . 186-187 of Onion, (Macrosporium porri Ell.): 
waxy and nonwaxy, crude-oil yields .... 185-186 H. R. Angell _. “a 467-487 
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Purple Blotch—Continued. Page | Seedlings— Page 
of onions— barley, electric stimulation, effect on 
causal organism, study . 470-481 SII, ditt. wcnnteinigddeleitvad 589-590, 598-600 
control _ . - BE A Ate gph. 485 forest— 
economic importance - egekidnd 468-469 anatomical development, relation to 
symptoms... ae, EE SE RAS 223 
organism, generic names. ecislitesathoanajnaes A density relationships cine siiaeeie malin dill 219-227 
frost resistance, relation to seedling 
Quisenberry, Karl 8., and Clark, J. Allen: NER AE SES 224-225, 227 
Inheritance of Yield and Protein Content growth, relation to density _ ss insslins ana ..-226, 227 
in Crosses of Marquis and Kota Spring survival, relation to density. .__....... 225-226 
Wheats Grown in Montana__.__.______. 205-217 maize, electric stimulation, effect on 
RS ae ee 588-600 
Radish, black-root parasite, study-_-.-__..- 343-349 wheat, susceptibility to leaf rust, green- 2 
Rain water, sulphur content, notes ........ 699, 709 house studies... .......-.------------- 149-157 
Rainfall— ; ( Seeds, cereal. See C ereal seeds. 
Florida, Gainesville, record for six- Selenium salts, effect on citrus pigment -__.. 418, 428 
ON Se eos ae 691 


Maryland, Upper Marlboro, record for 
Gumamers, 1905-1087 ...............-+-<0 258 
Ramsey, G. B., and Bailey, Alice Allen: 
Development "of Nailhead Spot of To- 
matoes during Transit and Marketing--- 
Rations, cattle, mineral deficiency, study 
o_O ae 113-129 

Reineke, L. H., and Bruce, Donald: The 

Use of limonene Charts in Constructing 


131-146 


Forest Stand Tables..................-.. 9-308 
Rhagoletis— 
cingulata, larva and pupa, description-._- 494 
monella, description and hosts........ 494-495 
Rhizoctonia— 
rot, of turnips— 
causal organism, study -.-.......----- 95-97, 106 
description ...........- ----- 9-06 
development, factors affecting. ----- 97-108 
in Storage: J. I. Lauritzen_____-- 93-108 
solani— 
potato strains, comparison with turnip 
Sta ttinclndetunktaddasennngeane 95-96, 106 
Strains, inoculation on turnips. - -..95-96, 99-108 
turnip strain, pathogenicity and life 
SR RRA 95-97 
oe growth on sugar cane at low tem- 
peratur 200-202 
Rhode Island Reds, “inheritance of “egg 
ee . 511-519 
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RT AER E SS I,  R, BI 623-624 
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223-225, 226 
seedlings, measurements, weights, etc., 
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